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A B ST R A C T
O ver the last tw o decades, m any institutions o f higher education have experienced
adm issions-related problem s due to fluctuations in student enrollm ent and the increasing
need for institutional financial aid. Because o f this, adm inistrators need tools that can
help them m odify policy as the m arket changes. T he purpose of this research w as to
develop a tool for a private, m ore selective institution that w ould answ er the follow ing
questions: (1) w hat is the probability of enrollm ent for each adm itted student, and (2)
how w ould changes in the financial aid package affect this probability?
The m odel in this research was based on both econom ic theory and the results of
other em pirical w ork, and was refined through statistical analysis. Its goal was to develop
the best predictive m odel using the data collected by the institution and available to it at
the tim e adm ission and financial aid decisions are made. The m ethodology was carried
out in three steps. First, an enrollm ent probability m odel w as estim ated using three years
(1998-2000) o f adm issions data from the institution, using both logistic and probit
regression. T he m odel included a unique set o f explanatory variables, including religious
affiliation and distance from hom e, show ing the ease at w hich institutions can look at the
variables that are im portant for their goals, policies, and practices. The second step w as a
tem poral validation against additional data. The m odel was tested for predictive accuracy
against the adm issions data for 2001. A fter rerunning the m odel for all four years, the
final step in the m ethodology was to sim ulate the effects on enrollm ent o f various
changes in the tuition and financial aid policy, and to calculate price sensitivity.
The results o f this study, for the m ost part, confirm ed econom ic theory and general
em pirical findings. T he signs and significance o f m ost coefficients were as expected. A
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unique finding w as that a linear, constantly decreasing functional form for net price was
not the best fit fo r the data. R ather, a cubic relationship betw een net price and enrollm ent
probability p rovided a better fit. C lassification accuracy w ithin each m odel and predictive
accuracy for 2001 were all near 70% . Sensitivity to price was calculated differently in
this research than in other existing research. Due to m athem atical shortcom ings discussed
in the study, delta-P s and student price response coefficients (SPR C ) were not used.
R ather, sen sitiv ity to a $1,000 decrease in net price was calculated for each student. The
m ean sensitivity to a $1,000 decrease in net price w as .02. T hat is, on average, a $1,000
decrease in net price increased the probability o f enrollm ent by 2% , for exam ple, from
20% to 22% . T h e results o f the present study are low er than most existing research,
w hich is co n sisten t with the discussions in the field that statistics such as delta-Ps and
SPR C s, calcu lated only at the m ean, can overestim ate sensitivity. The im plication for
policy m akers is that they need to look at specific students, or groups of sim ilar students,
w hen estim atin g the effect o f policy decisions, and not rely solely on an average estim ate.
T his research not only provided such price sensitivities for students with various
characteristics o f interest to the institution, but also provided the institution with a tool to
use with each entering class o f freshm an.

tv
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C H A PT E R 1
Introduction
B ackground
Institutions of higher education have faced a num ber of adm issions-related
problem s in the last two decades. T hese problem s fall into two areas. T he first area is the
rising cost o f education. The price o f attending a four-year undergraduate college has
increased faster than fam ily incom e (The C ollege Board. 1998a). At the sam e tim e, the
federal governm ent has shifted its pattern o f financial support for higher education from
grants to loans and individual tax incentives. M any niversities are forced to increase
institutional grants in o rder to m ake enrollm ent at theirinstitution m ore attractive to the
students they w ant to attract.
The second set o f problem s is related changing patterns in the num ber of schools
students are applying to and in the rates o f student enrollm ent. A s the search and
application processes has gotten easier for students, the num ber o f schools each student
applies to has increased. In addition, freshm an enrollm ent rates have fluctuated over the
last tw o decades as the lagging effect o f oscillations in the U.S. birth rate. T hese changes
cause additional com petition am ong colleges for students and uncertainty about the size
o f the applicant pool. These problem s create the need for each institution to be able to
accurately predict student enrollm ent based on inform ation about student patterns of
enrollm ent and financial aid costs. T his study presents a model for m aking such
predictions.

I
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A ccording to H ossler and G allagher (1987), college enrollm ent is a three-phase
process. The first phase is the predisposition phase, during which the student determ ines
w hether or not he or she w ould like to continue his or her education past high school.1
T he second o r search phase consists o f looking for colleges to attend and learning about
the characteristics o f various colleges. D uring this phase, the student develops a choice
set, that is, the set o f institutions to w hich he w ill apply. T he final phase is the choice
phase, w hen the student decides w hich m em ber of the choice set to attend. At this point,
the choice is narrow ed to only those institutions at which the student has been accepted.
T herefore, this phase represents the intersection o f all prior institutional and student
decisions. If the institution has m ade accurate predictions o f enrollm ent from its
acceptances, it will get the freshm an class it was aim ing for, and will do so at the
predicted cost. If not, it m ay experience over or under enrollm ent, and the financial aid
expense m ay not be in line with the budget.
T here is a large body of research on the general topic of higher education
enrollm ent. M ost existing research is based on the foundation o f econom ic theory, as it
provides a strong fram ew ork for both policy analysis and the building o f practical tools.
A ccording to traditional econom ic dem and theory, the quantity dem anded of a good or
service is related to the price of the good or service, the incom e of the buyer, the prices o f
alternative products, and the b u y er's tastes and preferences. In order to try to confirm this
theory in the case o f higher education, sociologists, econom ists, and educators have
conducted num erous studies to determ ine how responsive students are to price.
R esearchers have looked at gross tuition, grants, loans, and net tuition as price variables

1 For the remainder o f this paper, the pronouns he and his w ill be used to represent students o f either
gender.
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3
that affect the probability o f enrollm ent (H eller, 1997; L eslie & Brinkm an, 1987).
Research supports the findings that reductions in net price (tuition m inus grants)
positively effect enrollm ent decisions.
M ore specifically, research show s that grants, as opposed to loans, are a m ajor
factor in student decisions. W e have a rich history in this country o f providing
scholarships to “needy and deserving” students. T raditionally, colleges held lim ited funds
for scholarships and loan, typically derived from gifts from alum ni and corporations.
Scholarships, how ever, have taken on a life o f their ow n in the second half o f the tw enty
century. In the 1950s, w hen com petition for students increased, a num ber o f colleges
determ ined that it w as not fiscally sound to use their lim ited financial aid funds to
com pete for the sam e students. T his led to developing specific criteria fo rju d g in g student
financial need. The C ollege Scholarship Service was form ed to standardize financial aid
offers (H ansen, 1983). W ith the H igher Education Act o f 1965. the federal governm ent
began a series o f program s to help more A m ericans access a college education. As Leslie
& Brinkm an (1988) point out, “ Expanding and equalizing student access long has been a
m ajor public policy goal, and m anipulation o f price has been seen as the m ajor policy
instrum ent for achieving this goal" (p. 182). However, federal grant program s w ere not
able to keep pace with rising costs in education. In 1975. the m axim um Pell G rant funded
85% of the tuition at a four-year public college and 38% o f the tuition at a four-year
private college. By 1998, these figures had fallen to 38% and 17%. respectively (The
C ollege B oard. 1998b). R ealizing that federal program s did little, if anything, to increase
college enrollm ent in the 1970s, (H ansen, 1983; Jackson, 1988; Kane. 1994; St. John &
N oeli, 1989). institutional grants began to take up the slack. Presently, institutionally
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4
funded financial aid pays for 19% o f the cost o f attending college (The College Board,
1998b).
T his institutional aid, in addition to being used to provide access, is used in
conjunction with adm issions policies to attract students w ith specific characteristics to
enroll. Financial aid is changing from assistance to those w ho w ould not be able to attend
otherw ise, to the am ount of m oney necessary to enroll a particular student (Finney,
1996). A ccording to M cPherson & Shapiro (1998), “differential treatm ent of students
within the aid-eligible population is very com m on” (p. 96). Bow en and Brenem an (1993)
argue that student financial aid serves different purposes for different institutions. For
som e, financial aid is a price discount, a financial tool for increasing enrollm ent and net
tuition revenues. For o th er institutions, it is an investm ent in the com position of the
student body. In other w ords, less selective colleges use this tool to fill their classroom s,
and the m ost selective colleges use it to create a diverse student body; many colleges in
betw een do both.
Statem ent o f the Problem
In to d ay 's higher education environm ent, institutions need tools to m ake accurate
predictions about enrollm ent and financial aid. H ow ever, m ost existing research has
studied the decision to enroll in college at the national level, and, when schools have been
categorized, the categories have norm ally been lim ited to private and public schools or to
tw o-year and four-year schools. M uch w ork on the topic was based on decade-old data,
and the research questions w ere generally related to federal policies (see Jackson &
W eathersby, 1975; Leslie & B rinkm an, 1987; Leslie & Brinkm an. 1988). Until recently,
the m arket lacked w orkable predictive m odels. A ccording to St. John & Som ers (1997).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

5
there is a “near-void” in institution-specific research regarding financial aid effects on
student enrollm ent. R ecently, som e researchers have begun developing institutionspecific m odels to aid institution adm inistrators. H ow ever, m ore refined techniques are
needed. In addition, institution-specific variables need to be investigated. Past em pirical
research has analyzed the effects of changes in net price on students in different
dem ographic categories such as incom e and race, but less attention has been paid to other
factors im portant to universities, such as gender, religious preference, and geographic
variables. Finally, because there is no general m odel, and because the costs involved are
high, m ost institutions are w orking blindly, w ithout a clear picture of the effectiveness of
their existing financial aid strategies in sim ultaneously achieving enrollm ent and revenue
goals.
Purpose o f the Study
T he purpose of this study was to develop and test a m athem atical m odel of
student enrollm ent for a private, m ore selective. C atholic university. The intent was to
use this m odel as an enrollm ent m anagem ent tool for predictive purposes, utilizing
institutional data defined by historical adm inistrative need.
The institution used in this study is a R om an C atholic university in southw est
U nited States. It is a liberal arts institution that is dedicated to providing a values-based
education. T he university is classified as m ore selective. In 2000, it received 6.780
freshm an applications for an entering class o f 1.000. O ver 65% o f undergraduate students
receive som e form o f financial aid. Financial aid offers are both need- and m erit-based.
W hen institutions set adm issions and financial aid policies, tw o questions are
asked: (1) w hat is the probability o f enrollm ent for each adm itted student, and, (2) is
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there any w ay to increase that probability in the short run? T he outcom e o f this study is a
quantitative m odel that can be used to answ er these questions. T he m odel is grounded in
econom ic theory and derived using logistic regression equations. T he variables in the
m odel are those that are of policy interest to the particular institution. For each student,
these are: the cost o f attendance, m easures o f academ ic preparedness, gender, race or
ethnicity, distance from hom e, and religious affiliation. T he m odel utilizes data collected
by the institution and available to it at the tim e the adm issions and financial aid decisions
are m ade. Specifically, this is data that com es from the adm issions application and the
financial aid application.
T he m ethodology was carried out in three steps. First, an enrollm ent probability
model was estim ated using three years (1998-2000) of adm issions data from the
particular institution. Linear regression analysis is a logical technique for estim ating most
dem and functions. H ow ever, the case of enrolling in an undergraduate program is
different from that o f typical decisions such as purchasing food or clothing. The decision
to enroll in college is norm ally only m ade once. Therefore the quantity purchased is
either zero or one. As with all dichotom ous phenom ena, several assum ptions o f linear
regression are violated with this type o f decision. In addition, although the decision for
one candidate is yes or no. the accum ulation of these decisions is used to determ ine the
probabilities that certain groups of individuals will select a specific institution. This leads
to the additional concern over w hether o r not probability relationships can be truly linear
(A gresti, 1990; G reene, 1990. C row n, 1998). Because o f these shortcom ings of
traditional linear regression, researchers have used logistic regression and probit analysis
to study such phenom ena as college enrollm ent and persistence decisions (G reene. 1990;
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C abrera, 1994). Both m ethods are build to be used w ith dichotom ous dependent
variables, and are based on distributions that produce equations that do not hold m arginal
effects constant. The S-like shape o f the equations from these m odels indicates that the
effect o f the independent variables is m inim al until som e threshold is reached, increases
rapidly in the m id-range, and levels o ff again around at the top of the range (K leinbaum ,
1994). Both logistic and probit m odels are fairly sim ilar theoretically (Dey & Astin,
1993), and provide extrem ely sim ilar results (A ldrich & N elson, 1984). The main
difference betw een them is in the tails, or threshold areas, w here the logit model
approaches the probabilities o f 0 and 1 less rapidly than the probit m odel. Since the
literature strongly argues the lim itations o f linear regression, but provides no apparent
relative strength betw een logistic and probit m odels, this research used both logit and
probit m odels to estim ate the probability m odel and com pared the results o f both
estim ation techniques.
The second m ethodological step was to validate the m odel against additional data.
Since the purpose o f developing this m odel w as to predict enrollm ent in future years, a
tem poral validation was used. The m odel was tested for predictive accuracy against the
adm issions data for 2001. A fter rerunning the m odel for all four years, the final step in
the research m ethodology was to sim ulate the effects on enrollm ent o f various changes in
the tuition and financial aid policy, such as the change in enrollm ent o f specific target
populations from a decrease in tuition.
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Research Q uestions
In o rd er to develop a m odel that w ould predict w ith an acceptable degree of
accuracy the enrollm ent probabilities o f adm itted applicants to the particular institution,
the follow ing research question guided the study.
H ow do the follow ing factors com bine to influence the first tim e enrollm ent
probability at the case institution?
•

Student price (tuition net o f gift aid)

•

Student preparedness (SA T score, High School G P A , institutional rating)

•

Student socio-econom ic characteristics (race o r ethnicity, fam ily incom e,
religious preference)

•

Student dem ographic characteristics (distance from hom e, gender)
D elim itations and Lim itations

T his research focused on developing a m athem atical m odel intended to be used as
an en rollm ent m anagem ent tool for predictive purposes. A s such, it utilized institutional
data defined by historical adm inistrative needs, not data co llected with theory testing in
m ind.
A n im portant lim itation to this study is the inability to generalize the results to
o ther institutions. All institutions have a unique set o f c h aracteristics that influences
enrollm ent decisions. T he higher education m arket can best be described as
m onopolistically com petitive. Each institution is, in fact, a quasi-m onopoly. It cannot be
assum ed that changes in enrollm ent attributed to varying am ounts o f financial aid at one
institution can be generalized to other universities, although institutions w ith sim ilar
characteristics can use the findings to m ake assum ptions to start their ow n investigations.
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Careful construction o f the research m odel is im portant in considering validity in
quantitative research. T his m odel was grounded in econom ic theory and derived using
w idely accepted statistical m ethodology. T here m ay also be a question as to the reliability
o f the institutional quantitative data. Incentives exist for students to oversell their
qualifications and overestim ate their financial need. As far as qualifications are
concerned, the institution has other docum ented sources o f data, such as official SA T
score reports and official school transcripts. T his official data was used to m easure
student ability. Fam ily financial data is usually verified by the institution through copies
o f IRS filing reports. T his study used the sam e data that the institution uses for m aking
financial aid decisions for all students.
T his study used data from m ultiple years. To m itigate lim itations regarding
changes in adm issions procedures and student dem and over tim e, the data used for this
study cam e from a four-year period w here adm issions procedures were fairly constant,
and the selectivity ranking o f the university rem ained constant.
Significance o f Study
This study contributes to the body o f em pirical research regarding the factors that
affect a student’s decision to enroll in an undergraduate institution, w ith an em phasis on
financial aid effects. W hile m any studies have used national databases to exam ine student
college dem and, this study contributes to the m ethodologies used to exam ine the issues
unique to given institutions. T his study is useful to policy m akers at private universities
w ho are interested in enrolling a diverse student body w hile at the sam e tim e m inim izing
financial aid costs. For the case institution, this analysis helps clarify the m arket in which
it operates, helps m easure the influence o f financial aid on enrollm ent decisions, and
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helps estim ate financial costs and enrollm ent com position. In addition, the richness o f the
data collected should lead to a deeper understanding o f the issues facing the case
institution and to its organization environm ent.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

C H A PT E R 2
Review o f Literature
Introduction
R esearchers in the fields of econom ics, public policy, and sociology have studied
college enrollm ent and student financial aid from the perspective o f the student, the
perspective o f the institution, and the perspective o f social policy. M ost existing research
is based on the foundation o f econom ic theory as it provides a strong fram ew ork for both
policy analysis and building practical tools. Supporting econom ic theories include hum an
capital theory, utility theory, and dem and theory. T his chapter review s the literature that
is relevant to the purpose o f this dissertation. It is organized into three sections. The first
section review s the econom ic theory of hum an capital as it relates to student decisions to
attend college, and review s em pirical finding on the rates o f return to investm ent in
hum an capital. T he next section review s the econom ic theories o f consum er choice,
including utility theory and dem and theory, and sum m arizes em pirical finding on student
price responsiveness related to changes to tuition and financial aid. The final section
provides a review of relevant institutional and public policy issues regarding student
financial aid.
H um an C apital and Rates o f Return on Investm ent
H um an C apital Theory
In 1776, in w hat m any call the sem inal w ork in econom ic theory, A dam Sm ith
briefly discussed the notion that m en. while bom fairly sim ilar, begin to acquire skills and

11
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education that differentiates their labor productivity (Sm ith, 1937). T his idea was m ostly
ignored, how ever, as econom ists during the industrial revolution assum ed that labor was
hom ogeneous in m odels that concentrated on the distinction betw een capital and labor.
As w e entered the inform ation age, G ary B ecker reintroduced the idea w ithin a
fram ew ork that allow s for both quantitative analysis and policy discussions. A ccording to
B ecker, “hum an capital refers to the skills, education, health, and training o f individuals.
It is capital because these skills o r education are an integral part o f us that is long lasting,
in the w ay a m achine, plant, or factory lasts" (1998, p .l). Hum an capital differs from
physical and financial capital in that it is that capital which cannot be separated from the
person. The concept of hum an capital has becom e increasingly im portant as w orld
econom ies have m oved from being labor and m aterials centered to being know ledge and
inform ation centered. T he role o f education and its effect on hum an capital has becom e
an integral part of econom ic developm ent m odels (Becker, 1998; M cM ahon, 1999).
A ccording to Becker (1998), as m uch as 80% of the capital o f the U nited States and other
developed countries is hum an capital.
G iven that skills, know ledge, and even good health can be acquired, both
individuals and com panies invest in hum an capital. As Becker states, “E ducation and
training are the m ost im portant investm ents in hum an capital" (p. 17). Hum an capital
theory assum es that education raises productivity by providing know ledge, skills, and a
w ay o f analyzing problem s. An alternate view , credentialism , assum es that education is a
signal. In this view, a degree conveys inform ation about underlying abilities and traits
(B ecker. 1993). In either case, to potential em ployers, education is an indicator o f an
in d iv id u al's quantitative potential for productivity. For the individual, investm ent in
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hum an capital is a rational choice to defer current gratification for anticipated future
earnings (Gray, 1995). A ccording to B ecker (1993), over a lifetim e, individuals should
accum ulate hum an capital and then run it dow n. E arlier investm ents in hum an capital
yield g reater overall returns because one’s life is finite.
As with other types of investm ents, one can analyze the rate o f return on hum an
capital investm ent. T he private rate of return on investm ent, that is, the rate o f return for
the individual, is the rate that causes the net present value o f the costs to equal the net
present value of the benefits (B elfield, 2000). T he costs are both the price paid (i.e.
tuition and other expenses) and the foregone earnings during the tim e o f schooling. The
benefits are earnings over and above w hat w ould have been earned w ithout the additional
education, which includes both additional earnings per year, and additional earnings due
to increased tim e in the w ork force (see T able I ). There are also benefits that cannot be
given m onetary values, such as the psychic returns to know ledge acquisition, better
health, and increased longevity. Table I illustrates som e o f the non-m onetary benefits of
education.
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T able I
E ffects o f E ducation on S e le c te d N on-m onetary Indicators
Educational A ttainm ent
High
Som e
B achelor’s
Less Than
School
C ollege
D egree or
High
G raduate
H igher
School
G raduate
Percent of Life E conom ically
A ctive from Birth
59%
49%
57%
M ale
45%
29%
39%
Fem ale
426.1
218.1
D eaths per 100,000 for Persons
515.1
25-64 Years o f Age
18.0%
10.4%
2.6%
31.1%
M others W ho Sm oked
C igarettes D uring Pregnancy
65.9%
80.6%
51.2%
B reastfeeding by M others 15-44 43.0%
Y ears of Age
40.4%
56.7%
67.2%
29.9%
D oing V olunteer W ork
77.0%
38.8%
51.7%
63.1%
V oted (1996)
Source: M ortenson, Postsecondary Education O pportunity. M arch 1999
In addition to the private rate of return, there is also a social rate of return, which
com pares the costs and benefits o f education to society as a w hole. T hese costs and
benefits are m uch m ore difficult to m easure. How ever. St. John and M a ste n 's (1990)
com parison of the costs o f federal student aid and the estim ated increase in tax revenue
review ed later in this chapter is one such attem pt at m easuring this social rate o f return.
The m ain theoretical objections to B ecker’s hum an capital m odel are that it does
not take into account certain structural or cultural factors that play a m ajor role in career
choice (Gray. 1995), it assum es that know ledge does not atrophy (G root. 199S). and it
assum es m any constants ov er individuals, such as risk aversion (B elfield. 2000).
N onetheless, the theory o f hum an capital explains student choice in higher education well
and is useful in m aking public policy decisions regarding access to higher education.
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E stim ates o f the R eturns to Investm ent in E ducation
As stated above, one can estim ate the return on investm ent in hum an capital. T he
rate o f return on investm ent is determ ined by com paring the cost (tuition, forgone w ages)
to the expected stream o f earnings, both in present value term s. Becker estim ated, using
ordinary least squares techniques (O LS), the rate o f return on an investm ent in a college
education by an urban, native w hite m ale w ho graduated from high school in 1939 to be
about 13%, and for one w ho graduated in 1949 to be about 11.5%, after adjustm ents for
different ability levels (Becker, 1993).
O ther researchers have also estim ated the rate o f return on a college education
based on B eck er's theory. H artog’s (1999) review show ed these estim ates generally fall
betw een 5% and 15%. Card (1995a) also sum m arized recent studies and concluded the
each additional year of schooling increases real w ages by 6% to 10%. This section will
review four studies, three that used instrum ental variable techniques and one that also
estim ated the returns for wom en.
A ngrist and K rueger (1991) noted that conventional estim ates that used OLS
regression and m easured the returns to education as the coefficient on the variable "years
o f schooling" could not control for unobserved factors w hich m ay be affecting both
schooling and earnings. This problem is som etim es referred to as "selectivity bias," since
individuals tend to self-select their educational levels based on other factors. Because of
this unobserved self-selection, the estim ates using this technique may be biased. A ngrist
and K rueger used instrum ental variable estim ation to overcom e this bias. As with all
instrum ental variables estim ation, they looked for a variable to include in the estim ation
that w as correlated w ith years o f schooling but uncorrelated with the unobserved factors.
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and hence the erro r term in the equation. D ue to com pulsory education law s, children
bom later in a calendar year are required to obtain m ore schooling than those bom earlier
in the year are. (This is due to the fact that m ost school districts require that a child turn
six by January 1 o f the year he enters first grade, and the fact that m ost states require a
student to stay in school until his sixteenth birthday.) A ngrist and K rueger used the
quarter o f birth as their instrum ental variable, since it is presum ably correlated with years
of schooling, but not unobserved effects. T heir tw o-stage least squares estim ates of the
returns to education used a m odel containing the variables schooling, w ages, quarter of
birth, and dem ographic characteristics. D ata was obtained from the 1960, 1970, and 1980
Census files. T heir estim ated returns on investm ent in education were from 7% to 10%
for men w ho w ere aged 40 to 49 in I960; from 6% to 8% for m en aged 40 to 49 in 1970;
and from 4% to 7% for men aged 40 to 49 in 1980. H ow ever, they also found that the
estim ates they obtained using OLS m ethods were not statistically significantly different
from their instrum ental variable estim ates.
C ard (1995b) did find significant differences in estim ated returns to education
using OLS and instrum ental variable techniques. For his instrum ental variable, he used
geographic differences in the accessibility o f college, arguing that the distance to the
nearest postsecondary institution is correlated with years of schooling because it raises
costs, but should not be correlated with unobserved effects on wages. The variables in the
model were hourly w ages, age. education, distance to nearest postsecondary school,
certain dem ographic variables and certain fam ily background characteristics. C ard used a
sample o f individuals from the N ational Longitudinal Survey of Y oung M en (1966
through 1981). U sing distance to the nearest postsecondary school as the instrum ental
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variable, C ard estim ated the rate of return to an additional year o f schooling to be 13%.
U sing OLS, his estim ate was only 7% . T herefore, Card concluded that OLS
underestim ates the returns to education.
A shenfelter and K rueger’s (1994) instrum ental variable m odel took advantage of
unique data. They interview ed 298 pairs o f identical twins. They used the difference in
each tw in ’s education and earnings to control for unobserved fam ily effects. They also
used each tw in ’s report of his or her sib lin g ’s education as an instrum ent for that sibling’s
ow n report o f education, since m isreports o f education may be correlated with each other,
but are unlikely to be correlated with unobserved effects on earnings. A ngrist and
K rueger estim ated the returns to a year o f education to be 16%, and reported that their
OLS estim ates were biased dow nw ard.
T he final study, by Kane and Rouse (1995) looked at the returns to education
from both tw o-year and four-year institutions. They assum ed that there is no difference
betw een a credit unit at a tw o-year school and a credit unit at a four-year school. The
variables in their returns to education m odel were the num ber o f credits taken at tw o-year
and four-year institutions, degree aw arded, a m easure of ability, dem ographic
characteristics, fam ily background characteristics, hourly wages, and average annual
incom e. D ata for their study cam e from the National Longitudinal Survey o f the C lass of
1972. which surveyed a panel o f high school seniors in 1972. and periodically until 1986.
U sing OLS techniques, Kane and R ouse’s findings were that the return to a year of
schooling for men was 4% to 6% . U nlike the other studies, they also estim ated the returns
for w om en, and found them to be betw een 6% and 8%. They also found that receiving a
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degree had a greater effect on the returns to education than sim ply com pleting four years
o f schooling w ithout obtaining a degree.
T w o other groups o f researchers looked at returns to education from different
perspectives than the private rate o f return on hum an capital investm ent m odels used in
the previous studies. Pascarella and Sm art (1990) studied the influence of both college
grades and educational attainm ent on early career eam in g s (for the first nine years after
entry into college). The results o f their study show ed that each grade point increased
annual eam ings by $432 for African A m erican w om en. $230 for white wom en. $59 for
A frican A m erican m en, and $86 for white m en. They also found that educational
attainm ent increased annual eam ings for w om en, both African Am erican and w hite, but
had no effect on the eam ings o f men.
In the second study, St. John and M asten (1990) looked at a m easure of the social
rate o f return on education. They exam ined the tax revenue increases attributable to
federal student aid program s. They estim ated gains in educational attainm ent attributable
to federal student aid, then estim ated lifetim e eam ings based on those attainm ents, and
finally estim ated federal incom e tax liabilities using then current laws. From these. St.
John and M asten determ ined the net present value o f those additional tax revenues to be
$4.30 for each student aid dollar spent on the high school class o f 1972.
In sum m ary, the hum an capital studies provide estim ates for the rate of return to
education for m ales that range from 4% to 16%. T w o o f the three instrum ental variable
studies found that OLS estim ates o f the returns to education are biased dow nw ard. The
P ascarella and Sm art and the St. John and M asten studies also support positive eam ings
returns to education. In addition, the studies o f both K ane and Rouse and Pascarella and
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Sm art indicate that the returns to education are higher for w om en than for m en, or at least
w ere in the 1970s. R egardless o f any dow nw ard bias in certain studies, w hat is clear is
that the returns to the investm ent in education are significant and are likely one factor in
m aintaining the dem and for higher education despite increasing prices. How ever,
research to date has been general in nature. I found no references to returns on investm ent
for particular undergraduate degrees or particular schools, and only tw o studies regarding
diverse subgroups o f students.
C onsum er Choice Theories a n d P rice Sensitivity
U tility Theory
W hile hum an capital theory addresses the choice to enroll in college as an
investm ent decision, utility theory addresses that choice as a consum ption decision.
A ccording to consum er behavior theory, a consum er chooses am ong available
alternatives in a m anner that m axim izes his level o f satisfaction. Inform ation pertaining
to his satisfaction is contained in the consum er’s utility function (H enderson & Quandt.
1971). A num ber o f researchers have built m odels that hypothesize that the choice to
enroll in college is the outcom e o f a utility-m axim izing process. W illis and Rosen (1979)
exam ined the hypothesis that high school graduates m ake the choice betw een attending
college and entering the labor m arket by m axim izing the utility associated w ith these two
options. T he utility o f each option is based on the in d iv id u al's unique characteristics and
his o r her expected lifetim e eam ings under each option. In particular. W illis and Rosen
conjecture that som e students have a com parative advantage in the occupations requiring
a college education, w hile others have the com parative advantage in the occupations that
require a high school education. T herefore, the expected lifetim e eam ings o f each option
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w ould differ for individuals in each o f the tw o groups. ‘T h o s e w ho did not attend college
(had they attended) w ould have earned less than m easurably sim ilar people w ho did
attend, w hile those w ho attended college w ould have earned less as high school graduates
than m easurably sim ilar people w ho stopped after high school” (p. S7). As noted before,
this is often referred to as selectivity bias. M anski and W ise (1983), how ever, im plicitly
assum ed that expected eam ings based on college attendance are constant across
individuals w ithin a locality. In addition to ability, parental incom e, and high school
characteristics, their utility m odel includes only the effects of the costs o f college
attendance— tuition costs, foregone eam ings and financial aid— and does not include
expected future eam ings. B rew er and Ehrenberg (1996) extended both o f these m odels by
going one step further than W illis and Rosen to differentiate betw een types o f colleges
chosen, while incorporating the cost aspects o f the M anski and W ise m odel. B ershadker's
(1998) utility function m easured the background, socioeconom ic, and ability
characteristics o f each individual, the expected lifetim e eam ings o f each option, the net
cost of attending college, and a random com ponent for tastes, preferences, and non
m onetary benefits o f each option.
There are a num ber o f rationales for looking at college enrollm ent in term s of
consum er utility rather than sim ply as an investm ent in o rder to increase future eam ings.
In reality, individuals also attend college to broaden their horizons, have new
experiences, and becom e m ore well rounded (B ershadker, 1998). H avem an and W olfe
(1984) also point out that acquiring education has non-m arket (yet utility m axim izing)
outcom es such as health status, m arriage, fertility, and crim inality. In addition, looking at
college enrollm ent from an investm ent point o f view m ay be unrealistic because som e
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students do not bear the full burden o f cost and others m ay not be able to borrow the up
front costs due to im perfect capital m arkets, even w ith the help o f federal student loan
program s (B ershadker, 1998).2 U tility theory can account for the additional consum ption
benefits and im perfect investm ent inform ation.
D em and Theory
D em and theory follow s analytically from utility m axim izing theory. T he dem and
for a particular com m odity can be derived by m axim izing the co n su m er’s utility function
across all com m odities sim ultaneously (H enderson & Q uandt, 1971). B ased on this, the
quantity dem anded o f a good or service is related to the price of the good or service, the
incom e o f the buyer, the prices o f alternative products, and the buyer’s tastes and
preferences. In the case o f dem and for particular institutions o f higher education, theory
m aintains that students respond inversely to net tuition (B renem an. 1994; H opkins &
M assy, 1981) and directly with incom e, and the prices o f alternative goods. All else
constant, as the price of attending a specific college decreases, m ore students will desire
enrollm ent. Figure 1 illustrates a typical dow nw ard sloping dem and curve for a selective
university (D s). w ith the able and w illing students arranged in order o f how m uch they
are w illing to pay. The dem and curve is dow nw ard sloping because it is assum ed that
each college is a price-discrim inating m onopolist. Each college can be view ed as a
m onopolist because it offers a unique education and experience, w hich is m ade up of a
particular com bination o f history, religious affiliation, course and m ajor offerings, and
prestige not found anyw here else (Brenem an, 1994).

2 S ee the section Institutional and Public P o licies Issues Regarding Financial Aid tor more discussion about
the availability o f information on student financial aid programs.
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Figure 1. D em and curves for selective and highly selective universities.
The tuition that a university charges. P. is determ ined by optim izing the level of
educational resources (H opkins & M assy, 1981), or, as observed by B renem an (1994). by
optim izing the level o f enrollm ent and resources. T his tuition m ust also be in line with
the tuition charged by the institutions it sees as its com petitors. In Figure 1, P illustrates
that price, and E* is the optim al enrollm ent level. At m any colleges, the optim al
enrollm ent cannot be reached at the optim al tuition P. The shaded area represents the cost
o f financial aid, as each student betw een E and E* receives a larger financial aid package
to induce him to attend. This illustrates the price discrim inating aspect o f the m odel, since
students face different net prices. For a few o f the m ost highly selective universities, the
dem and curve is actually far enough to the right that total enrollm ent co u ld be m et at full
price (dem and curve D h in Figure 1). H ow ever, these schools choose to incur the
opportunity cost o f providing financial aid in order to invest in the quality and diversity
o f the student body (B renem an, 1994, Bow en & Brenem an, 1993).
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In addition to the relative position o f the dem and curve, another factor that is
im portant in dem and theory is the slope o f the dem and curve. The slope illustrates the
ex tent to w hich enrollm ent dem and responds to changes in price. T his price sensitivity is
called the elasticity of dem and and is affected by a num ber o f things.3 The ease o f
substitution o f other goods is a prim ary factor. For exam ple, if a student regards several
universities as m ore or less desirable for the satisfaction o f his education needs, the
dem and for each school will be highly elastic. H ow ever, if a particular school has some
quality, such as prestige or a unique m ajor that cannot be found at another institution, the
dem and for that school will be highly inelastic. O ther factors that affect elasticity are the
prices at other institutions, expectations about future prices, and fam ily incom e. In
addition to this m easure o f price responsiveness, som e authors (Jackson & W eathersby,
1977; Leslie & B rinkm an. 1987) have calculated a student price response coefficient
(SPR C ). The SPR C reports the change in college enrollm ent for a group as a result of a
$100 (or $1,000) price increase.
D em and theory provides a sim ple, w orkable m odel for analyzing public and
private policy questions regarding such things as stim ulating enrollm ent and providing
access to college for underrepresented groups. School adm inistrators and governm ent
policym akers can control price through both the actual price of tuition and the am ount o f
financial aid. If the elasticity of dem and is different for different subgroups of students,
then enrollm ent proportions can be m odified by m anipulating the price.

’ In mathematical terms, the price elasticity is equal to the percentage change in quantity demanded divided
by the percentage change in price (H enderson & Quandt. 1971).
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P rice a n d F inancial A id E ffects on C ollege E nrollm ent D ecisions
R esearchers have been studying the econom ic factors that affect student college
enrollm ent, and, in particular, the effects o f changes in price and financial aid, for twentyfive years. T here are two m ain reasons for this. First, as Leslie and B rinkm an (1988)
point out, “E xpanding and equalizing student access long has been a m ajor public policy
goal, and m anipulation o f price has been seen as the m ajor policy instrum ent for
achieving this goal” (p. 182). R esearchers have been interested in substantiating the fact
that federal and state governm ents can increase access to college for underrepresented
groups by low ering the net price paid. In addition to access, student choice am ong
institutions has becom e an issue not only for governm ent, but also for private institutions
that are trying to optim ally m anage their enrollm ent. The theoretical foundation for most
of these studies has been eith er utility theory or dem and theory. A num ber o f authors
have produced review s and m eta-analyses of the published research findings, starting
with the earliest works from the 1960s. For this literature review . I will sum m arize the
research through the review articles o f Jackson and W eathersby (1975). Leslie and
B rinkm an (1987). and H eller (1997). and follow w ith m ore recent research in the area.
The sem inal w ork in the area o f m eta-analysis o f price effects on enrollm ent in
higher education is that o f Jackson and W eathersby (1975). T hey review ed seven
em pirical studies that were conducted betw een 1967 and 1975. The studies used a
num ber o f approaches. Five o f them utilized traditional dem and theory as the basis for
regression analysis. The o th er tw o used utility theory as the basis for their m axim um
likelihood estim ations. In a dem and study, the options are to enroll or not enroll, either in
higher education in general or at a particular institution. The utility o f other options in not
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factored in. U sing a utility m odel, the value o f the alternatives, usually view ed as entering
the jo b m arket, are taken into account.
Jackson and W eathersby com pared the results from these seven studies by
calculating w hat they labeled a student price response coefficient (SPR C ). This SPR C
converted all results to a com m on set o f values for fam ily incom e, base year and base
tuition. The SPR C s that they calculated w ere for a hypothetical first-tim e student from a
fam ily earning $12,000 in 1974 and facing a college cost o f $2,000 per year. T heir
calculations resulted in SPR Cs that ranged from -0 .0 5 % to -1 .4 6 % change in the
enrollm ent rate for each $100 increase in price, with a m ean o f -1 .0 6 % . T hese num bers
need to be converted further. Since the higher education participation rate was 29.5% in
1973, a SPRC o f -1 .0 6 % m eans that participation w ould drop by about 2.5% , or to 27% ,
if tuitions increased by $100. Jackson and W eathersby also noted a consistent fact across
the studies: the absolute m agnitude o f the price responsiveness increases as incom e
decreases, that as, potential students from low -incom e fam ilies are m ore affected by price
changes than those from high-incom e fam ilies. In addition, it should be noted that a $100
change in tuition w ould have had a m uch sm aller im pact on students planning to attend a
private college, with the average tuition of $6,671 in 1974. than on students planning to
attend a public college, with the average tuition o f $1,361 in 1974 (The C ollege Board,
1998a).
O f particular interest for the present research is the study done by Spies (1973).
Spies divided institutions of higher education into cost-quality categories, roughly related
to selectivity categories, and students into groups by fam ily incom e and academ ic ability.
T his resulted in 650 college-type/student-type groupings, which were used as
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observations in a m ultiple regression analysis. V ariables in the analysis w ere annual
fam ily incom e, stu d e n t’s com bined SA T score, c o lle g e ’s m edian com bined SA T score,
cost o f attending that college divided by fam ily incom e, the square o f the difference
betw een the stu d en t’s com bined SAT score and the c o lle g e ’s m edian com bined SA T
score, and the n um ber o f schools in the category. S p ie s’ results were a 6.72 percentage
point decrease in the likelihood of applying to a college for every unit increase in the
ratio o f college cost to father’s incom e. H ow ever, the sam ple used had a fam ily incom e
$3,000 higher than the national average at the tim e. T his w ould probably cause an
underestim ation o f the effect, since higher incom e fam ilies are less sensitive to price
changes. In addition, applications w ere used instead o f enrollm ents, and this w ould also
likely cause an underestim ation of the effect of price changes, since students often apply
to colleges m ore expensive than they plan to attend.
A num ber o f authors found fault in the m ethods Jackson and W eathersby used to
equate the finds o f the studies. C hisholm and C ohen (1982) show ed that, due to the
m athem atical properties o f elasticity, com parisons across studies could produce errors,
especially in the case o f tim e series data. Leslie and B rinkm an (1987) also noted that
Jackson and W eathersby deflated price levels tw ice in th eir analysis and m ade som e
inconsistent assum ptions about the student base. H ow ever, they also concluded “that
Jackson and W eath ersb y 's errors often cancel out” (p. 186). therefore providing an
estim ate o f sensitivity that m ay be fairly accurate.
In 1987 Leslie and Brinkm an conducted an o th er m eta-analysis o f the price
responsiveness in higher education enrollm ent. T hey analyzed tw enty-five higher
education dem and studies published betw een 1967 and 1982, including both tim e series
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(20) and cross-sectional (5) analyses, and including m odels based on both traditional
dem and theory and utility theory. T h eir goal w as not only to thoroughly and
system atically exam ine the literature, but also to standardize the findings so that a
definitive conclusion m ight be reached. R esults of each study w ere adjusted three ways.
First, each result w as transform ed to a com m on m easure o f student response to change in
price. Second, each was corrected to reflect consistent price levels. Finally, the data was
converted to a com m on student age base. As in the Jackson and W eathersby analysis, a
student price response coefficient (SPR C ) w as calculated. T he final SPR C s reported were
the change in participation in higher education for 18-24 year olds as a result o f a $100
price increase, in the base school year 1982-83.
The results of all studies review ed w ere in the expected direction, that is.
enrollm ent increases when prices go dow n. The calculated SPR C s ranged from -0 .2 % to
-2 .4 % , the m ean response was -0.7% , and the m ode was -0.6% , w hich they suggested as
the "best estim ate for public policy purposes” (p. 189). T his is slightly low er than
Jackson and W eathersby's average o f -1.06% . T he m odal response o f -0.6% is
interpreted as follow s: for every $100 increase in tuition price against the average tuition
in 1982-83 o f $3,420. the participation rate o f 18-24 year olds w ould drop -0.6% . Since
the higher education participation rate was 33% for 18-24 year olds in 1982, this m eans
that participation w ould drop by about 2%. or to 31% if tuitions increased by $100.
Results tended to be higher for com m unity colleges and public institutions, and
low er for data that covered private institutions only, as one w ould expect. O verall. SPR C s
at tw o-year public colleges appear to be at least two or three tim es larger than at private
colleges. This is presum ably due in part to the higher average fam ily incom e and the
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higher base price o f tuition at private colleges. O f the three private college studies
review ed, K nudsen and S ervelle’s (1978) results for m oderately selective, private
colleges w ere at the m ode for all public and private schools (-0.6% ), which is higher than
expected for private colleges alone. A n um ber o f regressions were run in the study, using
com binations o f the follow ing explanatory variables: tuition and fees or tuition and fees
m inus student aid; state personal incom e per capita; average tuition and fees at com peting
public institutions o r average tuition and fees m inus student aid at com peting public
institutions; average tuition and fees at com peting private institutions or average tuition
and fees m inus student aid at com peting private institutions. H ow ever, they used net
tuition as the price variable when calculating price elasticities, and a net price increase of
$100 could equate to a “ list price” increase o f as m uch as $200.
T hree studies investigated incom e effects. R adner and M iller (1970) used 1966
data for C alifornia and Illinois high school seniors. U sing the explanatory variables
ability, incom e selectivity or quality o f alternative schools, and out of pocket costs, they
found student responsiveness inversely related to fam ily incom e. Hoenack (1968) studied
the effect o f incom e using 1965 high school seniors applying to C alifornia state colleges
and ju n io r colleges. Explanatory variables in his m odel were the cost o f attendance, the
average unem ploym ent rate in the region, the average wages in the region, the m edian
fam ily incom e in the region, and an interaction variable betw een cost and incom e. The
results o f this study also verified an inverse relationship betw een incom e and college
enrollm ent. In contrast, C orazzini et. al. (1972) show ed a pattern o f the highest
responsiveness dem onstrated by the top tw o incom e quartiles at private institutions
(presum ably im plying a sw itch to public schools) and the bottom two quartiles at public
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institutions (presum ably im plying a sw itch to tw o-year institutions o r a decision to not
attend college). T hese results were based on an early 1960s national sam ple of 4,000 high
school seniors, using the variables tuition, state average production w orker wages and
em ploym ent, average level o f father’s education in state, and average perform ance on
achievem ent test in state. T he sam ple was stratified by incom e, and separate regressions
w ere run for each quartile. N one of the studies in the Leslie and B rinkm an analysis
com pared rates betw een the genders.
In 1988, Leslie and B rinkm an exam ined the literature on the effects of student
financial aid on college enrollm ent. T hey exam ined studies that had used three types of
approaches to the problem : econom etric analyses of enrollm ent behavior, surveys of
student opinions on the im pact o f financial aid, and calculations o f the aggregate
enrollm ent in higher education, or participation rates. U nlike their 1987 review of
dem and studies based on tuition only, they did not conduct a form al m eta-analysis. T his
w as not only due to the fact that there were three different approaches to the issue, but
was also due to the fact that m ethodology varied w idely w ithin the general approaches.
T hey reported their findings in term s o f the effects of financial aid on access, choice, and
persistence (w hich will not be review ed).
A m ajor public policy question regarding financial aid is w hether or not it is
responsible for som e students attending college at all. in o th er w ords, does it im prove
access to higher education for students who could otherw ise not afford to attend. Leslie
and B rinkm an review ed nine econom etric studies, six opinion-survey studies, and tw elve
studies that calculated participation rates. T he results o f m ost of the studies indicated that
financial aid. at least in the form o f grants, increases the enrollm ent o f low -incom e
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individuals. T hey estim ated from the econom etric studies that 20% to 40% of the
enrollm ent o f low er-incom e students, and 13% o f the enrollm ent o f m iddle-incom e
students, was due to grant aid. A ggregating these num bers for 1982, their conclusion was
that 16% of the full-tim e enrollm ent in college w as due to the existence o f need-based
grants.
H ow ever, one o f the m ost controversial findings was that o f H ansen (1983). He
used data from the C urrent Population Survey to analyze the effects o f the Basic
Educational O pportunity G rants (B E O G ) program established in 1972.4 C om paring
enrollm ent rates before and after the im plem entation o f the B E O G program (1971/72 and
1978/79), he found little im provem ent in the enrollm ent rates o f low er-incom e students.
He confirm ed this finding using the High School and Beyond Surveys o f 1972 and 1980.
H ansen offered four possible explanations for these findings: ( I) the program did not
target aid enough tow ards low er-incom e students; (2) the size o f the grants and the
overall volum e w as not enough to change aggregate behavior; (3) because o f changing
tuition prices, the enrollm ent m ight have actually decreased during the tim e period if the
grants were not available; (4) the findings m ight have m ethodological problem s.
A second public policy question regarding financial aid is w hether it opens up the
possibilities o f choosing from the full range of institutions. A t the institutional level,
adm inistrators w ant to know how effective changes in financial aid aw ards are in
attracting students to enroll. Leslie and B rinkm an analyzed o v er 30 studies addressing
one o r the other o f these choice questions. T heir conclusions for the effect of financial aid
on choice of institution is not as c lear as their results for access. N onetheless, the
evidence in the research did indicate that institutions can im prove their ability to recruit

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

31

students by using financial aid and that financial aid has had a beneficial effect on student
choice.
T he literature show ed conflicting results concerning the effects o f Pell G rants on
college choice. Based on four o f the econom etric studies, Leslie and B rinkm an calculated
the effect o f a $100 decrease in the net price difference betw een com peting institutions.
T hey estim ated that the higher cost institution w ould obtain a 1.8% increase in lowerincom e enrollm ents if they increased aid by $100 (18% for a $1,000 increase in aid).
H eller (1997) updated the com parison analyses o f Leslie and B rinkm an in order to
capture the effects o f the significant increases in real tuition prices during the 1980s and
1990s. His review included both effects of tuition changes and financial aid, as the
significance of aid gained during the tim e period. In addition, he also analyzed the data in
relation to com parisons betw een students o f different incom es and o f different races and
ethnicities. Again, there was no com parison o f students o f different genders.
W ith regard to the price o f tuition and college enrollm ent. H eller review ed nine
recent studies. All the studies found that increases in tuition will result in decreases in
enrollm ent. The exact size of the effect differed depending on the m ethodology and data
set used, and depending on the student characteristics and institution characteristics. In
general, the studies indicated that an increase of $100 in tuition w ould result in a decrease
in enrollm ent in the range of 0.5% to 1.0%. results consistent w ith Jackson and
W eathersby (1975) and Leslie and B rinkm an (1987).
S av o ca's (1990) theoretical m odel deserves particular note. She argued that “by
treating the application decision as exogenous, [m ost studies] are likely to understate the
true price effects, for they ignore the possibility that a change in tuition m ay affect

i

As an historical note. Pell Grants replaced B asic Educational Opportunity Grants in 1973.
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enrollm ents through its effect on the decision to apply to college” (p. 123). Savoca
reexam ined the sam e data set that was used by Fuller, M anski, and W ise (1982). Her
m odel used the explanatory variables com bined SA T score, race, unem ploym ent rate in
state, average hourly eam ings in state, father’s education, m other’s education, annual cost
of attendance of institution, average com bined SA T score for institution, geographic
region o f residence, paren t’s annual incom e. W here Fuller, M anski, and W ise s had found
an SPR C of -0 .2 3 % for those students w ho applied, Savoca estim ated an SPRC o f 0.26% for the decision to apply. A ssum ing that a school’s tuition policy and adm ission
policy are set independently, she argued that the true price sensitivity was the sum of
these, or -0 .4 9 % . H eller noted that a flaw in this analysis is that rising tuition prices may
force institutions to low er their adm issions requirem ents, violating S av o ca's assum ption
of independent policy decisions. H ow ever. H eller’s concern neglects the fact that there
are both student and institutional decisions, and tuition increases do affect individual
decisions to apply to college. An alternative approach m ight be to take Savoca’s two
effects and subtract out the students who enrolled after a price increase w ho w ould not
have been accepted anyw here unless adm issions standards had changed.
H eller also review ed articles covering the relationship betw een student financial
aid and college enrollm ent. A lthough one m ight assum e that students should react
sim ilarly to dollar for dollar changes in tuition and financial aid. the research show s that
this is not the case. O ne reason is that there are m any form s o f financial aid: grants,
subsidized loans, unsubsidized loans, tuition rem ission, and w ork study. Students do not
tend to do the m ental gym nastics that econom ists do to equate the net present value of
these, and so do not m ake decisions on the sam e basis. S tudents also seem to have the
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largest reaction to the “sticker price,” possibly from not being aw are o f all o f the financial
aid opportunities, or not believing that they w ould qualify for them .
E vidence o f this can be seen in the tw elve studies review ed by H eller. Kane
(1994) tested the conclusions o f H ansen (1983) discussed above. His analysis confirm ed
H an sen ’s findings that enrollm ent rates o f low er-incom e students did not increase due to
the B E O G program . He offered another explanation for this: that only the students w ho
w ere already college-bound had the tim e and incentive to “solve the m ystery of
eligibility” (p.8). M cPherson and Schapiro (1991a) perform ed a tim e series analysis o f
the C PS data (1974 to 1984), including m ore years than H ansen (w ho used only two
points in tim e), but only looking at w hite students. E xplanatory variables in their m odel
w ere tim e trend, gender, net cost, dum m y variables for m edium and high incom e, and
interaction term s betw een cost and incom e, tim e and incom e, and gender and incom e.
T hey reported that the effect on low er-incom e w hite students o f a $100 increase in
financial aid from the BEO G program w ould be an increase in enrollm ent o f 0.07
percentage points.
O ther research review ed by H eller analyzed the effects on enrollm ent of different
types of financial aid. M oore, Studenm und. and Slobko (1991) exam ined one institution.
O ccidental C ollege. They m odeled the decision to enroll by considering the choice
betw een this college and another selective college. T he explanatory variables in the
m odel were student’s academ ic rating (given by O ccidental ad m issio n 's staff), gender,
race, legacy (w hether parents, siblings o r grandparents attended O ccidental), region o f
residence, p aren t's discretionary incom e, average S A T at other college, region o f other
college, and cost variables (in one version O ccidental cost variables m inus the cost at the
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other college, and in the other tw o versions O ccidental costs and the other college costs
entered separately). T hey found that a $1,000 increase in grants w ould increase the
probability o f student enrollm ent by 7.8% . W hen com paring other types o f financial aid,
how ever, they reported that “scholarships affect the probability o f enrollm ent of financial
aid applicants, but loans and w ork-study have no significant effect” (p. 311). St John
(1990) found that enrollm ent was sensitive to changes in loans and w ork study. He
exam ined the H SB survey data, and used the variables region, ethnicity, m other’s
education, fam ily incom e, ability/achievem ent, high school experience, post-secondary
aspirations, tuition, and student aid in his m odel. He estim ated that a $1,000 increase in
grants increased the probability of enrollm ent by 4.3 percentage points, a $1,000 increase
in loans increased the probability o f enrollm ent by 3.8 percentage points, and a $1,000
increase in w ork study increased the probability o f enrollm ent by 4.6 percentage points.
In general, those researchers who conducted cross-sectional analyses tended to find that
students w ere sensitive to financial aid aw ards.
H eller also exam ined the research w ith a focus on students of different incom es
and races. K ane (1995). M cPherson and S chapiro (1989), and St. John (1990) all found
that sensitivity to changes in tuition and financial aid differed by incom e level, with
generally the low er-incom e groups being m ore sensitive. M cPherson and Schapiro (1994)
specifically ex am in ed data from the A m erican Freshm an Survey for evidence o f the
m iddle incom e m elt— the suspicion that m iddle incom e students are m ost severely
affected by rising tuition. T heir analysis o f 1980. 1989, and 1993 survey data indicated
that m iddle-incom e student enrollm ent declined over the period, but they attended private
and public institutions in the sam e proportions. It could not be discerned from the data
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w hether this w as due to changes in national incom e distributions or differential changes
in enrollm ent rates. St. John and N oell (1989), Jackson (1989), K ane (1991), and H eller
(1994) found consistently that w hite students were the least sensitive to changes in tuition
and financial, although differences in sensitivity betw een H ispanic and A frican Am erican
students fluctuated in the findings.
H eller’s sum m ary show s that the findings regarding financial aid effects are much
m ore com plex than those of tuition effects. Those researchers w ho used cross-sectional
data and w ho analyzed the types o f aid separately concluded that at least grants had a
effect on enrollm ent. T hose researchers who used tim e series data to analyze the BEOG
program reached conflicting conclusions. H eller concludes that "m ore tim e-series
research is needed to determ ine w hether the effects o f financial aid are consistent over
longer periods o f tim e, and are not ju st an artifact o f the periods studied in the crosssectional analyses” (p.637-8).
Som e other recent w ork has brought additional insight into student college choice
betw een private and public institutions by adding m easures o f student w illingness to pay
into their m odels. T he lack of inclusion of variables related to stu d en ts’ subjective
preference and expectations had lim ited research (M anski, 1993). Hu and H ossler (2000)
analyzed data from a longitudinal survey o f Indiana high school students, where students
and parents w ere interview ed 10 tim es betw een their freshm an and senior years (19861990). Besides background characteristics (gender, race and ethnicity, fath e r's and
m other’s education, and parental incom e), and student academ ic characteristics (high
school G PA and education expectations), they added student sensitivity to tuition and to
financial aid variables. S tepw ise logistic regression was used to estim ate the m odel. The
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results o f the study suggest that student and fam ily characteristics alone do not explain
student preference for type o f institution. S tudents w ho are less concerned about the price
o f tuition are m ore likely to have a preference for private institutions. Students w ho feel
financial aid availability is m ore im portant are also m ore likely to have a preference for
private institutions. H ossler, Hu. and S chm idt (1999), using the sam e data set, found
fam ily incom e reduces student sensitivity to both the price of tuition and the im portance
of the availability of financial aid. T his helps explain why m uch research indicates that
fam ily incom e has little bearing on preference for private institutions.
Finally, Som ers (1991) and Sinha (1997) provide recent research on enrollm ent
prediction m odels at the institution level. Som ers analyzed first-tim e attendance, w ithinyear persistence, and year-to-year persistence at an urban, public university. W ith regard
to first-tim e attendance, the m odel included the factors background (race or ethnicity,
gender, age, independence status, and incom e), achievem ent (A C T category and National
M erit Finalist status), and financial aid (receipt o f aid, am ount o f aid, type of aid, and
package). Som ers found financial aid had a positive effect on enrollm ent, calculating a
SPR C o f 6.2 percentage points per $1,000 in aid. Sinha used a m arket dem ography
perspective to develop a predictive m odel for student enrollm ent at a private, highlyselective, national university. D ata used w as for the three-year period 1994-1996. and
consisted o f only non-ethnic-m inority, adm itted first-tim e freshm en in the School of
E ngineering. V ariables included dem onstrated need, gender, high school G PA . financial
aid aw ard, and residence status (in-state o r out-of-state). Results o f the logistic regression
sensitivity analysis predicted total enrollm ent o f 317. com pared to the actual enrollm ent
o f 327 (3.1% difference).
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W ith the price o f higher education increasing o v er the last tw o decades, why
h asn ’t enrollm ent fallen? Leslie and B rinkm an (1987) cite three price-related factors.
First, educational costs lagged behind inflation in the 1970s, so this catch up has not
caused a significant rise in relative prices. Second, individual students have been able to
avoid the price increase by attending a low er-cost institution. T hird, need-based aid at the
institutional level has increased, low ering the actual price. In addition, the assum ption of
all else constant does not hold. M cPherson and Schapiro (1998) note that the returns to
education have increased. T astes and preferences are changing, for exam ple, with m ore
w om en pursuing schooling beyond high school. Finally, the product itself is changing,
w ith universities offering m ore variety in program s.
Institutional and P ublic P olicies Issues R egarding F inancial A id
As the research in the previous section show s, financial aid is a factor in student
decisions to attend college, especially for low er-incom e students. Here in the U nited
States, we have historically had tw o com peting philosophies on w ho should pay for
college. T he first perspective is that higher education enhances the lives o f those w ho
receive the education, and the recipients should pay for it. The early private and religious
colleges founded in the seventeenth and eighteenth centuries w ere funded from tuition.
Fortunately, we have a long history in this country of philanthropy that provides
scholarships to "needy and deserving” students. T hese scholarships cam e m ostly from
w ealthy donors and were eith er provided directly to students or w ere funneled through
institutions o f higher education. The second perspective is that higher education, ju st like
K -12 education, provides benefits to society in general. Because o f this, the costs of
higher education should be funded or at least subsidized by the governm ent. W orking
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w ithin this perspective, state governm ents began erecting public universities and colleges
in the nineteenth century. T h e federal governm ent involved itself through the passage o f
the M orrill A cts o f 1862 an d 1890, w hich created land-grant colleges specializing in
agriculture and engineering. T hrough this perspective em erged the state college system s
o f the tw entieth century. In 1998, 44% of the cost of a public institution education was
funded by the state and local governm ent (The C ollege Board, 1998b).
A fter W orld W ar II, tw o new trends began in the financing o f higher education.
W ith m any veterans returning to the U nited States, the federal governm ent sought to both
rew ard those veterans and control their entry into the labor m arket. The Servicem an’s
R eadjustm ent Act o f 1944 (the GI Bill) was passed, w hich provided fixed stipends to the
veterans and direct paym ents to institutions for tuition. T his started the trend of the
federal governm ent providing financial aid benefits directly to individuals. The H igher
Education A ct o f 1965 instituted program s to equalize access to college for all qualified
students. T hese program s included grants, college w ork study and guaranteed student
loans provided based on individual need. T his act has been reauthored a num ber of tim es
since 1965, w ith the balance shifting from the provision o f grants to the provision of
loans (G ladieux & H auptm an. 1994). Because of this shift, federal grant program s have
not kept pace with rising costs in education. In 1975, the m axim um Pell Grant funded
85% o f the tuition at a four-year public college and 38% o f the tuition at a four-year
private college. By 1985. these figures had fallen to 60%> and 25% , respectively. They are
now 38% and 17%. respectively (The College Board, 1998b).
The second trend is increased com petition for students. By the m id-1950s, there
were few er and few er returning servicem en to take advantage o f the GI Bill. Colleges
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began bidding for students by offering better and better institutional financial aid
packages. T he C ollege Scholarship Service (C SS) w as form ed in 1954 as an offshoot to
the C ollege Entrance E xam ination B oard, which already had the m ission to foster
cooperative adm issions policies betw een high schools and colleges. T he m ission o f C SS
was to develop a m ethod for objectively determ ining a fam ily’s ability to pay for higher
education. T he m ethodology took into account fam ily incom e, assets, and obligations.
The gap betw een the total cost o f education and the fam ily's ability to pay was
calculated. C SS helped colleges develop aid-packaging m ethodologies. T hese aid
packages included grants, loans and work. C SS encouraged colleges to cooperate in
determ ining their aid-packaging m ethodologies. O ne of C S S ’s principles was that
students should only receive aid up to their dem onstrated need. This principle could m ore
appropriately be term ed a “vision” o r even an "ideology." The hope was that institutions
of higher education, with the support of the governm ent, could achieve equal educational
opportunity by m aking the com m itm ent to m eet the full financial need o f all adm itted
students (M cPherson & Schapiro, 1998). H ow ever, there were incentives for institutions
to cheat on the agreem ent to enroll m ore students from the com m on pool. In reality, m ost
institutions w ere never financially able to em brace this concept w ithout the help of
federal grants. As was m entioned above, federal governm ent support did not m aintain
pace with the rapidly rising tuitions o f the 1980s and 1990s. Despite budgetary struggles,
institutional grants are taking up the slack. Presently, institutionally funded financial aid
pays for 19% o f the cost of attending college (The C ollege Board. 1998b).
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T aken together, these tw o trends leave both prospective students and
policym akers confused. M um per (1996) sum m arizes the dilem m a that policym akers are
facing in seeking to low er the cost o f education for needy students:
A plan that m ay look good in an econom ics class may prove
counterproductive in the real w orld o f college finance. In this view,
low er-incom e students are likely to becom e discouraged by rapid
increases in the “sticker price” o f higher education. T his occurs
because inform ation about tuition levels is m uch m ore w idely
know n and available than is inform ation about financial aid
program s, (p. 45)
T hese new form s of governm ent and institutional aid led m any policy analysts to
question w hether student aid was actually a m ajor factor in the rapid rise of tuitions. With
respect to federal aid, the argum ent was that these funds are sim ply “appropriated by the
universities and co lleg es” (Baldi & Pearson, 1998; H auptm an, 1990). W ith respect to
institutional aid. the argum ent was that tuition for full-pay students had to rise in order to
generate the funds necessary for institutional grants. Baldi and Pearson (1998) reported
that, as of that date, net tuition (after institutional grants) was about 80-85% o f gross
tuition. T his practice has, in turn, created a debate related to distributive fairness, as rising
tuitions pushed affordability of college for m iddle-class students to a top priority for
federal policy m akers (Reindl & R edd, 1999). H ow ever, others contended that
com petition betw een colleges necessitated expenditures on program s, and that these
expenditures w ere the cause o f rising tuitions (R eynolds. 1997: St. Johns, 1994).
E m pirical research by M cPherson and Schapiro (1991a and 1991b) show ed that increases
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in federal aid did not have an im pact on tuition levels at private colleges and universities,
but institutional aid did increase with increases in federal aid. A ccording to a m ore recent
C oopers & Lybrand, LLP report (1997), federal aid had the effect o f reducing tuition
levels, and increases in institutional aid accom panied substantial increases in tuition. In
their 1998 w ork, M cPherson and Schapiro analyzed institutional finances d uring the
period 1987 to 1994. They found that the real annual grow th rate o f institutional aid at
private schools increased in the range of 8% to 9% for different groups from 1987 to
1991, and then increased by 8% to 12% from 1991 to 1994. D uring that tim e, a
considerable gap developed betw een gross tuition and net tuition, m aking tuition hikes
not fiscally productive. H ow ever, none o f these m ethodologies provide any inform ation
about causation. M cPherson and Schapiro did note that increases in institutional aid
c aused a reduction in expenditures in other categories, m ost notably operations and
m aintenance, suggesting intergenerational transfers of costs, w ith deferred m aintenance
costs m oving to future years. N ot satisfied with these regression-based studies, which
sim ply correlated the tim e series trends, Baldi and Pearson (1998) have outlined a causal
structural equation m odel for estim ating the relationship betw een financial aid and
tu itio n .3
O ne o f the reasons it is difficult to sort through the chicken and the egg
controversy regarding financial aid and tuitions is that financial aid, and particularly
institutional aid, is used differently at different private institutions. Institutions o f higher
education, especially those that are concerned with their selectivity rating, have
adm issions criteria related both to m easures o f probability o f success and to other
purposes o f the university, such as diversity in the student body (Q uann, 1979). T here is a

3 B aldi and Pearson have not published results using this m odel with existin g data sets.
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large research base devoted to optim al adm issions criteria (see for exam ple Lay, M aguire,
& Litten, 1982, and Peacock, 1993). H ow ever, adm itting the right students is only the
first step, since these students m ust also m atriculate. Because o f this, institutional grants,
in addition to being used to provide access, are also used in conjunction with adm issions
policies to attract specific students to enroll. A ccording to M cPherson and Schapiro
(1998), w hile few institutions are w illing to adm it to it, “differential treatm ent o f students
within the aid-eligible population is very com m on” (p. 96). Even at schools that preach
no-m erit, need-only financial aid, it is com m on for som e students to be offered packages
containing m ore grants and less loans. Institutions use this financial aid packaging as a
com petitive tool, along with the natural com petitive tools o f program s, faculty prestige,
etc. Shea (1996) reports cases o f institutions offering “desirable” students various
financial incentives while still advertising need-blind polices. Bowen and Brenem an
(1993) also argue that student financial aid serves different purposes for different
institutions. For som e, financial aid is a price discount, a financial tool for increasing
enrollm ent in general and, therefore, net tuition revenues. For other institutions, it is an
investm ent in the com position o f the student body. In other w ords, less selective colleges
use this tool to fill their classroom s, and the m ost selective colleges use it to attract the
best students and to create a diverse student body: m any colleges in betw een the extrem es
use aid to do both.
C onclusion
T heory and research to date suggest the follow ing points regarding student
dem and for higher education in the U nited States:
•

There is a positive rate o f return to higher education:
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•

T he rate o f return differs betw een groups, and is higher for w om en than men;

•

M ost students are sensitive to changes in the price o f tuition, w ith enrollm ent
dem and decreasing as tuition increases, all else constant;

•

L ow er incom e students are m ore price sensitive that other incom e groups;

•

Student price sensitivity m easures are low er for private institutions than for
public institutions;

•

Students from low er-incom e groups are sensitive to changes in student
financial aid, at least in the form o f grants;

•

Inform ation regarding financial aid is less than adequate for obtaining the full
potential im pact o f governm ent financial aid policies;

•

Institutions use financial aid to increase enrollm ent and to invest in the
diversity o f the student body;

•

Institutions use differential packaging to attract certain groups of students.

T he present research will expand upon these findings to date by investigating
particular subcategories o f students and institutional types.
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CH A PTER 3
M ethodology
The Theoretical M odel
The purpose of this study was to develop a m athem atical model o f the decision to
enroll in a private, m ore selective. C atholic university. In addition, the intent was to use
this model as an enrollm ent m anagem ent tool for predictive purposes, utilizing
institutional data defined by historical adm inistrative need. Specifically, then, the goal of
the present research was to fit the best predictive m odel for the data collected by the
institution and available to it at the tim e the adm issions and financial aid decisions are
m ade.
A ccording to H ossler and G allagher (1987), college enrollm ent is a three-phase
process. The first phase is the predisposition phase, during which the student determ ines
w hether or not he w ould like to continue his education past high school. T he second or
search phase consists o f looking looks for colleges to attend and learning about the
characteristics of various colleges. D uring this phase, the student develops a choice set.
the set of institutions to which he will apply. T he final phase is the choice phase,
deciding which m em ber o f the choice set to attend. T his research focused on the third
phase of college choice— the decision of w hich college to attend once adm issions
decisions have been m ade. As discussed in the review o f literature, econom ics provides a
num ber of theories that lay the foundation for m odeling student enrollm ent decisions.
W hen exam ining the enrollm ent decision for a particular university at this stage, dem and

44
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theory provides the best theoretical basis. T heory states that the dem and for a particular
institution o f higher education is a function o f the price o f the institution, incom e, the
price o f com petitors, and the student’s tastes and preferences. Each institution is a pricediscrim inating m onopolist, and faces a dow nw ard sloping dem and curve relative to price.
All else constant, as the price o f attending a specific college decreases, m ore students will
desire enrollm ent. Figure 2 illustrates a typical dow nw ard sloping dem and curve for a
selective university (Ds ), with the able and w illing students arranged in order of how
much they are w illing to pay.

Tu ition

Enrollm ent

F igure 2. D em and curve for a selective university.
T he tuition that a university charges. P. is determ ined by optim izing the level o f
enrollm ent and resources. T his tuition m ust also be in line with the tuition charged by the
institutions it sees as its com petitors. In Figure 2. P illustrates that price, and E* is the
optim al enrollm ent level. At m ost colleges in the selective category, the optim al
enrollm ent cannot be reached at the optim al tuition P. T he shaded area represents the cost
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o f financial aid, as each student betw een E and E* receives a larger financial aid package
to induce him to attend. T his illustrates the price discrim inating aspect o f the m odel, since
students face different net prices.
U nfortunately, the institution neither sees this dem and curve, nor knows each
student’s w illingness to pay. Y et it needs to estim ate the yield from its adm issions and
financial aid decisions. A nd in this short run period of tim e, the inform ation it has with
w hich to m ake its estim ate is from the adm issions and financial aid applications. At the
tim e adm issions and financial aid decisions are m ade, the institution does not have
inform ation about other colleges the student may have applied to, nor inform ation about
the financial aid packages from those colleges. It also does not have inform ation about
tastes and preference. The institution can only make generalizations about dem and based
on the student characteristics it knows. From the view point of the institution, each
student's dem and, that is, the probability that he or she will enroll if adm itted, is a
function o f the price the student faces (w hich, because o f financial aid, differs for each
student), his or her academ ic and other preparedness, and certain socio-econom ic and
dem ographic characteristics:
P(EnroIlm ent) =

f(price, preparedness, socio-econom ic characteristics.
dem ographic characteristics)

( I)

The goal o f this study was to develop the best predictive m odel based on the inform ation
available to the school at the tim e the adm issions and financial aid decisions are made.
Since equation ( I) contains only that inform ation, it was used for the purpose of this
research.
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O perationalizing the M odel
E quation (1) was operationalized by identifying specific variables of interest, the
source o f the data for those variables, and the functional form that w as be used for
estim atin g the coefficients o f each variable. The variables used in this study are defined
in the follow ing table.
T able 2
Specification o f Variables in the M odel
V ariable

Description and C oding

Enrolled

0 if the admitted student did not enroll, 1 if the student enrolled - dependent
variable
Net tuition after ail grant aid (institutional, governm ental, private); d o es not
include loans; figures converted to base year 1998 and represented in S 1.000s
0 if other. 1 if no need
0 if other. 1 if low need

N et Price
N o need
L ow need
High need
Early D ecision
HS G PA
App. Rating

0 if other. 1 if high need

0 if other, 1 if applicant applied for early decision
High school G PA
Application Rating. Rating given to each application by adm issions staff as a
measure o f overall preparedness; 0 to 9 scale

SA T Verbal

Sat Verbal score

S A T Math
G ender

Sat Math score
0 if fem ale, 1 if male
0 if other. 1 if Catholic

C atholic
Protestant
Jew ish
Other reliuion
A frican Am erican
A sian
C aucasian
F ilipino
H ispanic
N ative Am erican
Other ethnicitv
W ithin state
L ess than 1000

0
0
0
0
0

if other.
if other.
if other.
if other.
if other.

1 if Protestant
1 if Jewish
1 if Other R eligion
1 if African American
1 if Asian; A sian American; Pacific Islander

0
0
0
0
0
0
0

if other.
if other.
if other.
if other.
if other.
if other.
if other.

1 if Caucasian
1 if Filipino
1 if Hispanic; Chicano; Latin/Central American; Puerto Rican
1 if N ative American; Eskim o
1 if Other ethnicitv
I if residence is within state
1 if residence is outside state, but less than 1.000 m iles from school

1000 to 2 0 0 0
O ver 2 0 0 0 m iles
International
L egacy
V isit
199S
1999

0 if other. 1 if residence is betw een 1000 and 2 0 0 0 m iles from school

2000
2001

0 if other. 1 if 2 0 0 0
0 if other. 1 if 2001 - om itted from 1998-2000 model

0 if other. 1 if residence is over 2 0 0 0 m iles from school
0 if other. 1 if an international student
0 if other. 1 if parent, sibling, or other relative attended school
0 if other. 1 if applicant visited cam pus
0 if other. 1 if 1998
0 if other. 1 if 1999
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T he dependant variable is the dichotom ous variable E nrolled, w hether or not the
adm itted student enrolled in the institution. N et Price is tuition net o f all grant aid, but not
loan aid. D ollars for all years were converted into the base year 1998. T he variables
related to student ability and preparedness are G PA , S A T V erbal, SA T M ath, and App.
Rating. A pp. rating is a holistic score assigned to each application by the adm issions
staff6. T he dem ographic variables in the equation are gender, race or ethnicity, religious
preference, and distance from hom e. Race or ethnicity is represented by the seven
dum m y variables A frican A m erican, A sian, C aucasian, F ilipino, H ispanic, Native
A m erican, and other, with C aucasian being the om itted variable. R eligious preference is
represented by the four dum m y variables C atholic, P rotestant, Jew ish, and other, with
O ther religion being the om itted variable. D istance from hom e is represented by the
dum m y variables W ithin state. Less than 1000 m iles, 1000 to 2000 m iles, over 2000
m iles, and International, w ith W ithin state being the o m itted variable. Financial need is
used in this model as a m easure o f ability to pay for college. Som e m odels have used
incom e rather than a financial need to m easure this. It is assum ed that financial need is
highly correlated with incom e. O ne advantage of using financial need is that it is possible
to m ake assum ptions about need for nonapplicants for financial aid, specifically that they
have no need. H ow ever, it is difficult to m ake intuitive assum ptions about incom e for
nonapplicants. In addition, if need were m easured as the am ount o f dem onstrated need
(either the institutional form ula or the federal form ula). N eed w ould be perfectly
correlated or highly correlated w ith Net Price. T herefore, in this study, I used the N eed
variable suggested by St. John (1992). w hich is the set o f dum m y variables No need. Low

6 T he application rating is the sum o f scores for G PA . S A T . strength o f academ ic program, leadership,
com m unity service, talent, and personel attributes. All students are p laced along a continum . which is
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need, and H igh need, with N o need being om itted variable. T he variables for Y ear w ere
included to test for significant differences betw een the years, due to changes in relative
price com pared to com petitors, for exam ple. Finally, Legacy and V isit are variables o f
specific interest to the specific institution. Legacy m easures the ties that the student m ay
have to the school based on a close relative attending the university. V isit m easures the
interest level o f the student, the visit itself show ing enough interest to m ake the trip, and
the act of applying after the visit reflecting a positive experience.
D ata Source
Data for this study cam e from a private, selective. C atholic university. For
estim ating the m odel, adm itted student adm issions and financial aid data for 1998, 1999,
and 2000 w ere used. T he estim ated m odel was validated using 2001 data, and then rerun
using all four years o f data to produce policy sim ulations.
Table 3
Sam ple Size
Y ear

A dm itted

Enrolled

1998

3.285

1.031

1999

3.286

991

2000

3.365

1.026

1998-2000

9.936

3.048

2001

3,378

1.004

1998-2001

13.314

4.052

divided into d eciles, and assigned a cod e 0 to 9.
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Statistical M ethodology
L inear regression analysis is a logical technique for estim ating m ost dem and
functions. H ow ever, the case o f enrolling in an undergraduate program is different from
that o f typical decisions such as purchasing food or clothing. The decision to enroll in
college is norm ally only m ade once. T herefore the quantity purchased is either zero or
one. As with all dichotom ous phenom ena, several assum ptions of linear regression are
violated with this type of decision. T his can lead to biased estim ates (Dey and A stin,
1993). O ne assum ption o f OLS is that of constant variance of the error terms
(hom oskedasticity). W ith a dichotom ous dependent variable, observations with
predictions close to 1 w hen the actual value is 1, or close to 0 when the actual value is 0
will have relatively sm all errors, but those w ith predictions close to 0.5 will have
relatively large variances. G reene (1990), argues, how ever, that this is a "m inor
com plication” since there are m any robust estim ation techniques now available (p. 663).
A nother assum ption o f OLS is a norm ally distributed erro r term. How ever, w hen the
dependent variable is dichotom ous, the erro r term is also dichotom ous. If yi = I.
ej = 1 - p;; if y, = 0. e* = -pj. This issue w ould not have caused a problem in this study
with a large sam ple size. The central lim it theorem guarantees that the regression
coefficients w ould be norm ally distributed, even if the error term s are not (G reene. 1990).
H ow ever, there are two technical shortcom ings o f OLS that lead to countertheoretical results. Since the assum ption o f a continuous dependent variable is violated,
linear m odels often predict values that have no m eaning, such as values below zero or
above one. A nother lim itation with using the OLS m odel is that it im plies a linear
probability m odel. A lthough the decision for one candidate is yes or no, the accum ulation
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o f these decisions is used to determ ine the probabilities that certain groups o f individuals
will select a specific institution. The assum ption o f linearity im plies that the m arginal
effect on the probability of a one-unit change in an independent variable is constant.
H ow ever, this probably does not hold true for the probability o f college enrollm ent. For
exam ple, there m ay be threshold effects at both ends o f the price scale. A change in
tuition from $30,000 to $29,000 may have little effect on the probability of enrollm ent,
with both being close to zero. A change in tuition from $1,000 to $2,000 m ay also have
little effect on the probability o f enrollm ent, with both being close to 1. But in the
com petitive environm ent, a change in net tuition from $15,000 to $14,000 m ay have a
significant effect on the probability o f enrollm ent. Figure 3 illustrates this concept.

^

Enrollment

Actual Probability
_ _ . Linear Estimate

ilet Tuition
Figure 3. L inear m odel com pared to theoretical probability.
The linear probability m odel is specified as
p = XP .

(2)

w here p is the n * l vector o f probabilities, X is the n*k m atrix o f observations, and P is
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the k * l vector o f coefficients. In o rd er to overcom e the four issues discussed, this m odel
can be respecified as
p = <D(XP) ,
w here

(3)

is the cum ulative distribution function assum ed for the event.
R esearchers have used tw o different cum ulative distribution functions for the

probability o f events. The first is the cum ulative logistic probability distribution, defined
as
5 ( z ) = 1/(1 + e ‘z).

(4)

Substituting equation (4) into equation (3), the ith observation is
P i= 1/(1 + e - v ip).

(5)

R earranging the term s and taking the natural log yields
l n ( p j ( l - pi)) = X ’P.

(6)

T he term /w(pj/(l - p*)) is the natural log of the odds that y, is one rather than zero. This
log-odds specification elim inates the four issues discussed regarding the linear m odel.
T his m odel is called the logistic o r logit m odel.
(D> can also replaced with the standardized cum ulative m ultivariate norm al
d istribution. T his m odel is called the probit m odel. Logit and probit m odels yield very
sim ilar estim ates of the probability o f events. Figure 4 com pares the logit, probit, and
linear probability m odels. Logit and probit both produce S-shaped functions. T he main
difference betw een them is in the tails o f the distribution. The logit m odel has fatter tails,
w hile the probit model approaches 0 and 1m ore quickly. T herefore, at each end o f the
range, the probit model will predict values clo ser to 0 and 1. respectively.
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Predicted
Probability

Probit model
_ . Logit model

Enrollment

net Tuition
Figure 4. C om parison o f logit and probit m odels
M axim um likelih o o d estim ation. Both logit and probit analysis use m axim um
likelihood estim ation techniques. T he objective with this technique is to estim ate those
population param eters that w ould m ost likely generate the observed sam ple (Crow n,
1998). T o generate these coefficients, the derivatives o f the log odds function is taken
with respect to the coefficients of each variable and the constant term , yielding k + 1
equations in k + 1 unknow ns. A com m on procedure for solving for the m axim um
likelihood coefficients o f this system o f equations is to start with the coefficient estim ates
from the linear m odel, and then m ake sm all changes in the coefficient values and observe
the effects on the likelihood function. T he m axim um likelihood values for the
coefficients are those coefficient values for w hich the value o f the likelihood function
cannot be increased.
Interpreting output a n d price sensitivity. Logit and probit coefficients are,
them selves, interpreted like regression coefficients. A problem , how ever, is that the
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dependent variable is the log o f the odds o f the event. T herefore, each coefficient
represents the change in the “ log odds” associated w ith a one-unit change in an
independent variable. S ince the log odds m oves in the sam e direction as the probability of
the event, the sign o f the coefficient is easily recognizable as the direction o f the
relationship betw een the independent variable and the probability o f the event. How ever,
if the interest is in determ ining the m agnitude o f the effect, the coefficients have to be
m anipulated.
O ne way to do this is to calculate the partial derivative with respect to each
independent variable. W ith linear probability, this is very easy, as the coefficient itself is
the partial derivative. In the logit m odel, the partial derivative is a function o f both the
coefficient and the probabilities them selves, and can be w ritten as
c'Pi/cXk = bkPi(l - P i )

(7)

Since the derivative is different for each individual, a sum m ary value m ust be calculated.
The best w ay to do this is to calculate the derivative for each individual and take the
mean. C row n (1998) notes that m any researchers take the derivative for the m ean o f the
observations o f the variable, w hich can lead to very high— and erroneous— values of the
m agnitude o f the effect. See C row n for an illustration of this effect.
As seen in C hapter 2, one way that educational researchers have reported the
m agnitude o f effect of the net price variable is with the Student Price R esponse
C oefficient (SPR C ). T he SPR C denotes the change in probability of enrollm ent based on
a one-unit change in price, usually $100 or $1,000. The SPR C can be com pared to the
price elasticity reported in econom ic research. Elasticity, a , is calculated as follows:
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a =

A (E /T )/E /T
A (P)/P

.

(8)

w here E = enrollm ent, T = total eligible or adm itted population, and P = N et Price. From
this, the SPRC is calculated:
SPRC = A (E/T) = a (A (P)/P)(E /T )

(9)

C om paring the tw o, we see that the SPR C m easures the absolute change in probability
before and after the change in price, not the relative change as the original elasticity does.
A nother m ethod for finding the m agnitude o f the effects o f the independent
variables such as net price is to calculate the delta P values using the follow ing
specification:
d el ta P =

E * P d i ) _____________ E x p ( U ) ____ .

l+ e x p (L i)

l+ e x p ( L o )

(10)

w here Lo is the logit score before the change in Xj, and L| = Lo + Pi- the logit score after
the unit change in Xj (Petersen. 1984, St. John, 1992). The delta P is the sam e as a student
price response coefficient (S P R C ) (Leslie and B rinkm an, 1988). It. too, denotes the
absolute change in probability for a unit change in price. For exam ple, a delta P of 0.07
for an increase in financial aid from $4,000 to $5,000 indicates that the probability of
enrollm ent will increase by 7% for a $1,000 increase in financial aid.
Note that m ost researchers report the change in probability, including delta Ps.
using the sam ple m ean (P etersen. 1984). H ow ever, as noted by Crown above, this can
lead to very high and erroneous estim ates o f sensitivity. If the data consists o f m any cases
at the extrem e and few at the m ean, the change in probability at the mean m ay be m uch
higher than the m ean o f the change in probability, since the slope of the logit and probit
curves is steepest at the m ean, and flat at the extrem es. T herefore, for this research, the
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probability deltas w ere calculated for each student, and the m ean and range of these
deltas w ere provided.
A nother note concerning the reporting o f price sensitivities in that of the relative
m agnitude o f the change. For instance, a delta P o f .02 for a student w hose initial
probability o f enrolling is .20 (to .22) can be interpreted as m eaning that that student is
10% (.02/.22) m ore likely to enroll with the net price reduction. For a student w hose
initial probability o f enrolling is .70, a delta-p o f .02 (to .72) m eans that the student is
only 3% (.02/.70) m ore likely to enroll. R eporting in term s o f relative m agnitude is m ore
consistent w ith sensitivities reported in econom ics, such as the elasticity of dem and,
which divides the absolute change by the starting point. H ow ever, to rem ain consistent
with recent educational research, this study will report m ean and the range of the
follow ing absolute A s for both the logit and probit m odels:
P robability Aj = Py - Poj,

(11)

w here
P0j = estim ated probability calculated w ith actual net price
for the jth student.
and
Pij = estim ated probability calculated w ith actual net price - $1,000
for the jth student.
Finally, in trying to interpret probabilities o f enrollm ent, it is useful to look at
particular cases o f interest. O nce the m odel was estim ated, the predicted probabilities of
enrollm ent w ere calculated for students possessing certain com binations of
characteristics, along with changes in probability as financial aid changes. For exam ple,
the probability of a student who is m ale, from w ithin state. H ispanic. Catholic, with
above average ability, and with a Financial aid offer o f $6,000 versus $7,000 was
calculated. T his was done for representative cases of interest, using both logit and probit
coefficient estim ates.
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Tests o f statistical significance. For linear regression m odels, goodness o f fit is
determ ined using R2. H ow ever, for m axim um likelihood m odels, the goodness o f fit is
based on im proving the likelihood o f obtaining the given sam ple based on the estim ated
coefficients. T he m easure m ost often used com pares the initial value o f the likelihood
function (w here all coefficients equal zero) to the m axim um value. M ost softw are
applications provide a goodness o f fit statistic G = -2 (/n L o -

/ n L m a X) ,

w hich can be shown

to have a x2 distribution. C row n (1998) suggests care in interpreting these statistics from
various softw are packages, and A ldrich and Nelson (1984) note that none of the R2
proxies have good theoretical bases. T he likelihood ratio test can also be used to test the
significance o f subsets o f variables. In this application, the likelihood ratio test com pares
the unrestricted m odel w ith a restricted m odel with the variables in question rem oved.
H osm er and L em eshow (1989) devised another test for the goodness of fit. It
involves dividing the observations into deciles by probability. For each decile, the
observed and expected counts of enrolls are com pared, and the chi-square test is used to
test the null hypothesis of no difference in the counts.
To test the significance o f each independent variable, a standard t-test was used.
M odel validation. In addition to goodness o f fit and tests o f significance of
variables, the m odel in this study was validated against a m ore recent data set. Since the
purpose o f this study is to develop a m odel with good predictive capability, this was an
im portant step. One approach is to use cross-validation, w hich entails dividing the data
random ly into two sets, one for m odel developm ent and one for m odel validation.
H ow ever, since the purpose of developing this model is to predict enrollm ent in future
years, a tem poral validation strategy was used. Specifically, the m odel was developed
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using data for the years 1998, 1999, and 2000, and w as validated against the data from
2001 w hen it becam e available. O ne m easure o f a w ell-calibrated m odel is if the sum o f
the predicted probabilities approxim ately equals the total n um ber o f positive outcom es
(H osm er and Lem eshow , 1989). T he goodness o f fit for the validation data set will also
be calculated using the approach suggested by H osm er and Lem eshow (1989). A fter the
1998-2000 m odel was validated against the 2001 data, the m odel w as rerun using all four
years. In C hapter 5, the m odel is com pared to other sim ilar m odels from the literature
review ed. R ecom m endations for additional data collection are m ade based on these
com parisons.
Sim ulation. The final step in the research m ethodology was to sim ulate the effects
o f a change in financial aid on student enrollm ent probability. T he follow ing are three
exam ples o f scenarios that w ere sim ulated w ith the estim ated m odel.
(1) W hat w ould be the change in the probability o f enrollm ent from a $1,000
increase in financial aid for a C aucasian, Protestant m ale with average ability,
from within state, with no financial need?
(2) W hat w ould be the change in the probability o f enrollm ent from a S I.000
increase in financial aid for an A frican A m erican. Protestant female, with
above average ability, from w ithin state, w ith high financial need?
(3) W hat w ould be the change in probability o f enrollm ent from a $1,000
decrease in tuition for an H ispanic. C atholic m ale with average ability from
over 1,000 m iles away, w ith low financial need?
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CH A PTER 4
Results
Introduction
The purpose o f this study w as to develop and test a m athem atical m odel o f
student enrollm ent for an individual institution, utilizing institutional data defined by
historical adm inistrative need. In o rder to develop a m odel that could predict w ith an
acceptable degree o f accuracy the enrollm ent probabilities o f adm itted applicants to the
particular institution, the study w as guided by the follow ing research question:
H ow do the follow ing factors com bine to influence the first tim e enrollm ent
probability at the case institution?
•

Student price (tuition net o f gift aid)

•

Student preparedness (SA T score. High School G PA . institutional rating)

•

Student socio-econom ic characteristics (race or ethnicity, fam ily incom e,
religious preference)

•

Student dem ographic characteristics (geographic area, gender)

C hapter 3 described a three-step m ethodology for answ ering this question. First,
an enrollm ent probability m odel w as estim ated using three years (1998-2000) of
adm issions data from the particular institution using both logistic regression and probit
techniques. Both m ethods are build to be used with dichotom ous dependent variables,
and are based on distributions that produce equations that do not hold m arginal effects
constant. Since the literature strongly argues the lim itations o f linear regression in
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probability analysis, but provides no apparent relative strength betw een them , both
techniques were used and the results com pared. T he second m ethodological step w as to
validate the m odel against additional data. S ince the purpose o f developing this m odel
w as to predict enrollm ent in future years, a tem poral validation was used by testing for
predictive accuracy against the adm issions data for 2001. A fter re-estim ating the m odel
using all four years, 1998-2001, o f data, the final step in the research m ethodology w as to
sim ulate the effects that various changes in the tuition and financial aid policy w ould
have on student enrollm ent decisions.
T his chapter begins with a description o f the data. Included are descriptive
statistics, including cross tabulation sum m aries, w hich helped guide the em pirical
m odeling process. The second section provides the regression results for the 1998-2000
data set. Included in this section is a discussion o f analysis involved in final variable
selection. The third section sum m arizes the results o f using the 1998-2000 m odel to
predict 2001 enrollm ent. The fourth section provides the regression results for the 19982001 data set. Section five exam ines the results o f the final step in the m ethodology, the
effects of policy changes on student enrollm ent decisions. T he final section is a chapter
sum m ary.
D escription o f the D ata
D ata for this study cam e from a private, m ore selective. Catholic university. D ata
covered the four-year period for students enrolling as freshm en in fall 1998. 1999, 2000.
and 2001. Table 4 provides inform ation on adm issions and enrollm ent for each year, and
for the tw o data sets used for m odeling. 1998-2000 and 1998-2001. Y ield refers to the
percent o f the adm itted population that decided to enroll for the follow ing fall sem ester.
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N ote that the yield for the period o f this study averaged slightly over 30% , that is, about
30% o f the students adm itted m ade the decision to enroll in the university.
T able 4
A nalysis o f Sam ple Data by Year and E nrollm ent D ecision
E nrolled
Y ear
A dm itted

Yield

1998

3.285

1,031

31.4%

1999

3,286

991

30.2%

2000

3.365

1,026

30.5%

1998-2000

9,936

3,048

30.7%

2001

3,378

1,004

29.7%

1998-2001

13.314

4.052

30.4%

T h e data was first analyzed w ith respect to the variables discussed in C hapter
3 that w ere to be used in creating the predictive m odel. T ables 5 - 1 0 provide
com parisons betw een those students that enrolled and the total adm itted population with
regard to the independent variables in the m odel. T hese tables highlight m any o f the
enrollm ent challenges facing the institution. All m onetary figures are adjusted to the base
year 1998.
T able 5 provides the percentage breakdow ns for gender (m ale only), students
w ho visited cam pus, and students that had a legacy w ith the university (a parent, sibling,
or other relative w ho attended the university). F or each year, the proportion of m ales that
enrolled is greater than the proportion in the total adm itted population, indicating that
m ale adm itted students enrolled at a slightly higher rate than fem ales. H ow ever, the data
indicates that the percentage o f m ales enrolling has been declining, and is significantly
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less than half. F o r the years available, the data show s that visiting c am pus and having a
legacy w ith the university increases the likelihood o f enrolling.
T able 5
A dm itted cmd E n ro lled P ercentages f o r G ender, C am pus Visit, Legacy
Percent
Legacy
V isited C am pus
M ale
1998
38.8%
45.5%
11.6%
A dm itted
16.1%
52.5%
40.3%
E nrolled
1999
10.6%
50.8%
36.6%
A dm itted
62.1%
15.3%
37.3%
E nrolled
2000
9.6%
D ata incom plete
A dm itted
35.3%
14.9%
37.2%
Enrolled
2001
10.2%
D ata incom plete
33.4%
A dm itted
16.6%
35.7%
Enrolled
T able 6 presents the proportional breakdow ns of adm its and enrolls according
to race or ethnicity. The only ethnicities w hich show a consistent pattern across the years
are A sian, for w hich the enrolled proportions are all less than the adm itted proportions,
and H ispanic, for w hich the enrolled proportions are all greater than the adm itted
proportions. T he data also illustrates that all races and ethnicities o ther than C aucasian
are underrepresented by both local and national figures. They are, how ever, consistent
with the original application pools for the university.
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T able 6
A d m itted a n d E nrolled P ercentages fo r Race o r Ethnicity
Percent
A frican
A sian
C au
Filipino
casian
A m er.
1998
70.5%
2.5%
A dm itted
2.2%
5.8%
69.9%
1.6%
Enrolled
2.2%
4.8%
1999
2.6%
A dm itted
1.9%
6.3%
71.3%
1.8%
1.7%
4.5%
73.3%
E nrolled
2000
69.6%
2.8%
A dm itted
2.2%
7.8%
73.1%
2.3%
E nrolled
1.6%
5.8%
2001
68.4%
3.2%
8.4%
A dm itted
2.3%
5.8%
2.8%
E nrolled
2.8%
67.3%

H is
panic

N ative
Am er.

O ther/
Unkn.

12.2%
14.5%

1.8%
1. 9%

4.9%
4.9%

11.7%
12.3%

1.6%
1.8%

4.6%
4.5%

12.9%
13.0%

1.2%
1.1%

3.4%
3.1%

13.5%
16.7%

1.5%
1.8%

2.7%
2.8%

T able 7 gives the percentage breakdow ns according to religios affiliation.
Being a C atholic university, it is no surprise that over half the students w ho are adm itted
and enroll are C atholic. T he data indicates that the proportion of Jew ish students has
declined over the four-year period.
Table 7
A dm itted a n d E nrolled P ercentages f o r R eligious A ffiliation
Percent
C atholic

Protestant

Jew ish

O ther/
Unknow n

54.3%
55.2%

32.6%

10.4%

32.9%

2.67c
2.2%

1998

A dm itted
E nrolled

9.7%

1999
54.0%

30.9%

1.6%

13.5%

55.4%

31.4%

1.47c

11.8%

52.7%

3 1 .7 %

2.1%

13.47c

53.5%

32.5%

1.67c

12.5%

54.6%

31.5%

12.57c

57.9%

3 0.8%

-t q

A dm itted
E nrolled
2000

A dm itted
E nrolled
2001

A dm itted
E nrolled

10.4%
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T able 8 provides inform ation on the distance the students w ould have to travel
from hom e to attend the university. Although the institution is private, and not a state
school, the m ajority o f students adm itted and enrolled are from within the state. There are
no consistent patterns across the years regarding the proportions of enrolled students
versus the proportions o f adm itted students in any o f the distance categories. How ever, as
w ould be expected, the percentages decrease w ith distance.
T able 8
A d m itted a n d E nrolled Percentages
o f^o r D istance fr
^ o m H om e
Percent
B etw een
G reater
Less than
W ithin
than
2000
1000
and
1000
state
m iles
2000 m iles
miles*
.

.

.

..

Inter
national

1998

A dm itted
E nrolled

5 9.2%

16.1%

15.6%

7.6%

1.47c

5 7.9%

17.0%

15.9%

7.5%

1.77c

16.6%

16.3%

7.4%

1.57c

18.1%

16.0%

6.6%

1.2%

16.9%

15.6%

7.7%

2.17c

18.6%

14.5%

8.4%

2.07c

16.2%

16.1%

1.87c

19.7%

14.5%

9.8%
10.4%

1999
58.1%
A dm itted
E nrolled
58.2%
2000
A dm itted
57.6%
E nrolled
56.5%
2001
56.1%
A dm itted
E nrolled
54.0%
* Less than 100 0, but outside the

state in w hich the university is located
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T able 9 provides the percentage breakdow ns in the three financial need
categories. T he need categories w ere created as follows: No N eed (did not apply for
financial need, or the federal form ula indicated no financial need): Low N eed (the federal
form ula indicated financial need above 0 and less than or equal to $12,000); and High
N eed (the federal form ula indicated financial need above $12,000). N ote the large
variation betw een the percentages of adm itted and enrolled student in the categories no
need and high need, w ith the percentage o f students with no need w ho enrolled being
significantly less than the percentage who were adm itted, and the percentage of students
with high need w ho en rolled being significantly m ore than the percentage who were
adm itted. D epending on w hether the need was m et and the source o f the aid, this could
indicate a substantial budgetary concern for the institution.
Table 9
A dm itted a n d E nrolled P ercentages by N eed Category
Percent
Low Need
N o N eed
1998
8.8%
A dm itted
63.5 %
Enrolled
47.3%
11.3%
1999
63.17c
9.0%
A dm itted
10.0%
Enrolled
4 8 .5 7c
2000
6 5 .9 7c
8.8%
A dm itted
9.9%
Enrolled
50.1%
2001
7.6%
A dm itted
68.0%
49.1%
7.9%
Enrolled

High Need
27.7%
41.4%
27.3%
41.5%
25.4%’
40.0%
24.4%
43.0%

Table 10 supplies the averages for the variables application rating, com bined
SA T, high school G P A , and price. Average SA T scores and G PA s have gone up. In both
cases, the average for the enrolling students is less than the average for all adm itted
students. Since the application rating is an internal num ber, per year differences cannot

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

66

be given m eaning. H ow ever, as w ith SA T scores and G P A s, the average for the enrolling
students each year is less than the average for all ad m itted students. The price variable is
the cost o f tuition, fees, room and board, and o th er estim ated expenses m inus the am ount
o f institutional grant aid, adjusted to 1998 dollars. O u tside aid was not subtracted, as it
can be used by the student at any institution, and therefore does not affect his enrollm ent
decision. T herefore price can be thought o f as the N et D iscounted Price offered by the
institution to each individual student (see Figure I and discussion on page 22). The data
show s that price has gone up m ore than inflation. It also show s that price does m atter,
with the m ean for those students w ho chose to enroll being less than for the total adm itted
population.
Table 10
A dm itted a n d E nrolled M eans f o r A pplication R a tin g , H igh School GPA, SAT, Price
M ean
C om bined
A djusted
A pplication
High School
Net
Price
SA
T*
''g p a
R ating
1998
$23,015
1152
3.70
A dm itted
5.69
1139
$22,003
3.66
E nrolled
5.48
1999
$24,523
1168
3.79
A dm itted
5.17
$22,818
1148
3.76
E nrolled
4.S7
2000
$24,609
1187
3.77
A dm itted
5.50
$23,259
3.72
1163
E nrolled
5.04
2001
$25,055
1191
3.78
A dm itted
5.97
$23,412
1159
3.73
E nrolled
5.55
* C om bined SA T score o r A C T score converted to S A T com bined scale
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O f particular interest to this study, and all dem and m odels, is the effect o f the
price faced by the consum er. Because o f financial aid, prospective students face different
prices. For T able 11, the range o f adjusted net price w as divided into six categories. Table
11 provides the percent o f adm itted students that m ade the decision to enroll for each
price category. T his inform ation is provided for the total sam ple and for various
dem ographic and socio-econom ic variables. Note that for the total sam ple, the percentage
o f students enrolling decreases as price increases until the last category, w here it
increases. T his effect is particularly pronounced for m ales. Also note that for C atholic,
Asian. H ispanic, and Filipino students, the percent enrolling is higher for the category SO
to $5,000 than for $5,000.01 to $10,000. T hese anom alies will be discussed further below
in the section Functional form.
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Table 11
P ercent E nrollm ent by N et P rice C ategory a n d D em ographic/Socio-econom ic C ategory

D em ographic/
Socio-econom ic
C ategory
M ale
Fem ale
C atholic
Protestant
Jew ish
O th er Rel.
A ir. Am .
Asian
C aucasian
Filipino
H ispanic
N ative Am.
O ther Eth.
W ithin State
< 1000 M iles
1000<m iles<2000
O ver 2000 m iles
International
Total

$0$5,000

$ 5 ,0 0 0 .0 1 $10,000

77.3%
68.7%
66.9%
80.6%

66.8%.
61.7%
70.6%.
62.8%
62.5%.
64.6%.
63.6%.
60.0%,
67.0%.
71.4%,
70.9%
64.3%,
65.4%,
66.9%,
69.1%
64.3%,
71.4%
100.0%,
67.4%,

-

66.7%
78.6%
56.5%
80.0%
40.0%
60.2%
80.0%
100.0%
66.3%
100.0%.
83.3%
100.0%.
-

71.7%.

Net Price C ategory
$ 1 0 ,0 0 0 .0 1 - $ 1 5 ,0 0 0 .0 1 - $ 2 0 ,0 0 0 .0 1 $20,000
$15,000
$25,000

$ 2 5 ,0 0 0 .0 1 $30,000

31.1%,
31.7%
31.7%
31.6%
26.1%
30.9%
23.5%,
22.2%,
31.0%
21.4%,
41.0%
24.1%,
34.4%,
30.9%,
33.2%,
31.4%,
33.1%,
23.1%,
31.5%,

26.3%
22.9%
24.8%,
25.4%)
21.7%)
19.2%
4.2%
15.4%
26.9 %
10.8%,
18.2%)
18.9%)
24.0%,
22.6%)
28.8%
25.8%)
21.7%)
30.0%)
24.2%)

62.1%
61.5%
63.8%
58.1%
58.3%
61.4%,
68.8%
64.1%
60.2%
67.7%
65.8%
63.3%,
48.7%,
62.9%
63.5%,
54.0%
63.5%
-

61.7%,

20.6%
21.8%
22.2%
21.4%
17.4%
18.0%
15.0%
11.6%
23.3%
19.4%
16.3%
21.9%
22.1%
19.5%
26.4%
21.8%
24.3%,
3.0%
21.4%

T otal

31.8%)
29.6%)
31.3%)
30.6%)
24.5%)
27.1%
2.93%)
22.5%)
30.9%)
23.4%o
34.2%)
32.7%o
30.1%)
29.9%)
33.9%)
29.1%)
30.7%
26.5%)
30.4%.
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Regression R esults fr o m T hree-Y ear D ata Set
Variable R efinem ent
A lthough prelim inarily variables w ere selected for inclusion in the model based
upon theoretical considerations and results o f previous em pirical w ork, various model
refinem ents were tested with the institution-provided data for 1998-2000.
N et price. T w o versions o f the net price variable were tested. T he first version of
net price w as defined as CPI adjusted full price m inus all grants (institutional and
outside). T he rationale for this price was discussed extensively in C hapters 2 and 3. The
second version consisted o f the CPI adjusted full price m inus CPI adjusted institutional
grants. T he rationale for testing this variable was that outside grants can be used at all
institutions. T herefore students w ould com pare the price m inus institutional grants of the
various institutions when m aking a decision. W hile this second version o f the variable
w as significant, the m odel containing CPI adjusted full price m inus all grants had higher
tests o f overall model significance and better predictive accuracy. It can be argued that
this overall price plays a larger role in the decision-m aking process because the ratio of
prices is m ore im portant than the difference in prices. T his distinction is especially
significant when students are com paring private and public schools, w hich have large
differences in costs. O utside grants can reduce the cost o f a public education to a few
thousand dollars per year. O ther research by the author for the case institution in 2001
found that the state public institutions were its leading com petitors.
Functional fo rm . The distinctions betw een logit and probit m odels and linear
regression m odels were discussed in C hapter 3. A lthough the logit and probit m odels are
n o n-linear estim ations o f probability, normal entry o f an independent variable into the
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regression assum es linearity o f the logit, that is, linearity of that variable w ith respect to
the log-odds o f enrolling.7 T his is equivalent to assum ing a linear relationship in ordinary
least squares analysis. T he functional form s of the continuous variables High School
G PA , SA T C om bined, and A pplication R ating were tested by en tering the squared and
cubed form s o f these variables into prelim inary regressions. A nalysis show ed that the
cubic version of G PA ((3gGPA + P qG P A ^ PioG PA J) produced higher tests o f overall
m odel significance and b etter predictive accuracy. T his is consistent w ith the findings of
other em pirical m odels (Sinha, 1998). It is reasonable to assum e that, for a m ore selective
institution (one in the m iddle o f the selectivity categories), that the probability is neither
constantly increasing nor co n stantly decreasing with respect to G P A , but rather that there
is m axim um value w ithin the relevant range from w hich the probability decreases in both
directions. N either quadratic nor cubic form s o f the other tw o variables were significant.
The functional form o f the net price variable was of particu lar im portance to this
study, since price is the m ajo r factor in dem and, and price sensitivity analysis is a m ajor
factor in enrollm ent m anagem ent policy analysis. In prelim inary m odels, the t-statistic for
this variable entered in linear form w as in the range o f 24. A nalysis o f the enrollm ent
yield by the six price categories (Table 11) provided som e interesting findings. As
already noted, the percent enrollm ent (yield) increased betw een the second highest and
highest categories, indicating that the students in the highest price category are actually
m ore likely to enroll. In addition , for som e dem ographic categories, the yield increased
betw een the first and second categories. T hese finding indicate that the relationship
betw een net price and enro llm en t m ight be quadratic or cubic.

' N ote that in equation (3) the original linear matrix is substituted into the cum ulative probability
distribution function.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

71

A num ber o f tests were perform ed. In the first test, the data was divided into six
categories by net price, and six separate regressions were run to determ ine if separate
m odels for each category m ight better explain enrollm ent patterns.8 T he explanatory
pow er o f this m odel w as not as pow erful as the com bined m odel. H ow ever, it did provide
additional evidence of possible non-linearity in the price variable.
In the second test, the net price variable was added to the equation in quadratic
and cubic form. Results are footnoted below .9 Based on these results, net price was
entered in cubic form (P iN etP rice + P ;N etPrice'2+ P?N etPriceJ) in the final m odel.
M ulticollinearity. The logistic and probit program s do not provide
m ulticollinearity analysis. Effects of m ulticollinearity can be seen through traditional
m easures, including the correlation coefficients and change in significance of variables
when other variables are added. In addition, form al m easures such as tolerance and
V ariance Inflation Factors can be obtained by running a linear regression, since the
functional form of the m odel w ith respect to the dependent variable does not m atter when
determ ining collinearity (M enard, 1995). T he original proposal called for using SA T
Verbal and M ath scores separately. The correlation betw een these two variables was .831
(see the A ppendix for full correlation table). In the prelim inary m odels. SA T M ath was
significant when entered alone, but becam e non-significant when SA T Verbal was added
(with SA T Verbal significant). M odel significance increased, and predictive accuracy
increase with SA T C om bined. T his provided evidence that m ulticollinearity was a

s In the multiple price group m odel, the net price co efficien t was p ositive, although not significantly
different from zero, in the $ 0 -5 5 ,0 0 0 . and S5.000-S 10.000 categories. It was negative in the others,
although not significant in the $ 2 0 ,0 0 0 -5 2 5 .0 0 0 category.
’’ In the quadratic net price m odel, net price was signficant and net price squared was not. The statistic
-21oglik elih ood was 14051 in the linear m odel and 14051 in the quadratic m odel, show ing no significant
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problem in the original regression. As another consideration, 3.5% o f the adm itted
students had only taken the A C T. A C T scores can be converted to SA T C om bined scores,
but cannot be separated into verbal and math scores. By using SA T C om bined scores
with A C T conversions when necessary, the m odel w ould be m ore useful to the institution
in the future. T herefore C om bined SA T was used in the final m odel. M ulticollinearity in
this and other areas o f the m odel was also tested for by running linear regressions and
com paring tolerance and VTF. The only other variables that show ed high num bers on
these m easures w ere the three G PA variables (G PA , G P A : , and G P A J) and the three Net
Price variables (N etPrice, N etP rice'and N etP rice1). T his is norm al w hen such functional
form s are added to the model.
Interaction effects. It can be theoretically argued that a num ber o f interaction
effects play significant rolls in college enrollm ent. As exam ples, a C atholic student m ight
be m ore likely to travel farther from hom e to attend a C atholic institution than a nonC atholic student, or a fem ale m ay have difference preferences than a m ale with the sam e
G PA or SA T score. All m ajor interaction effect variables were tested in the m odel. None
o f the interaction variables were significant at the .05 level (although G PA * Asian was
significant at p= .09), nor added to model significance or predictive accuracy. Since no
interaction variables were significant at the chosen level, and the m ajor goal of the
research was to provide a w orkable model for the case institution to use in enrollm ent
m anagem ent, these variables were not included in the final m odel.
O ther variable considerations. The original intension w as to include the variable
cam pus visit as an explanatory variable. As indicated in T able 5. how ever, this variable

difference. In the cubic m odel, all three coefficients are significant, and the statistic -21oglik elih ood was
139S0. which was a significant difference from 1 4 0 5 1 at p < .001.
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w as not available for all four years. T o determ ine w hether the variable w ould have
significant explanatory pow er, the m odel w as run for the tw o years data w as available
(1 998-1999).10 T he results show that it w ould be valuable for the institution to resum e
recording com plete inform ation on this variable in the future.
As indicated in C hapter 3, dum m y variables for the years were added to the m odel
to test for o th er significant phenom ena each year that were not accounted for. A lthough
these variables were not significant in the 1998-2000 m odel, tw o of the three-year
variables w ere significant in the 1998-2001 m odel. T herefore, they were not rem oved
from the m odel.
Final variable list. Table 12 provides the full list o f variables included in the final
m odel, with descriptions o f each variable.

10 T he results w ere that the coefficien t on cam pus visit w as significant (t= 7.4 in both logit and probit
m odels), and the likelihood ratio test was significant at p c .0 0 1 . C lassification accuracy increased only
slightly, from 6 9 .6 ^ to 7 0 .0 ‘T.
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Table 12
Specification o f Variables in F inal M odel
D escription a n d Coding

V ariable

(N et Price)"
(N et P rice)3
N o need
Low need
High need

0 if the admitted student did not enroll. 1 if the student enrolled - dependent
variable
N et tuition after all grant aid (institutional, governm ental, private); d oes not
include loans; figures converted to base year 1998 and represented in $ 1.000s
N et price squared
N et price cubed
0 if other, 1 if no need - om itted variable
0 if other, 1 if low need - SI - $ 1 2 ,0 0 0 using federal formula"
0 if other, I if high need - over SI 2 .0 0 0 using federal formula

Early D ecisio n

0 if other, I if applicant applied for early decision

HS G P A
(H S G P A )"
(H S G P A )3
App. Rating

High sch ool G PA
High sch ool G PA squared
H ieh sch ool G PA cubed
A pplication Rating. R ating given to each application by adm issions staff as a
m easure o f overall preparedness; 0 to 9 scale
C om bined SA T score or A C T converted to SA T com bined scale

Enrolled
N et Price

C om bined SA T
Gender
C atholic
Protestant
Jew ish
Other religion
African Am erican
A sian
C aucasian
Filipino
H ispanic
N ative A m erican
Other ethnicity
W ithin state
L ess than 1000
1000 to 2 0 0 0
O ver 2 0 0 0 m iles
International
L eeacv
1998
1999
2000
2001

0
0
0
0
0
0
0

if fem ale. I if male
if other. 1 if C atholic
if other, I if Protestant - om itted variable
if other, 1 if Jewish
if other, I if Other R eligion
if other. 1 if African Am erican
if other, 1 if Asian; A sian American; Pacific Islander

0 if other. 1 if C aucasian - om itted variable
0
0
0
0
0
0
0

if other.
if other,
if other.
if other.
if other.
if other.
if other.

1 if Filipino
1 if Hispanic; C hicano; Latin/Central American; Puerto Rican
1 if N ative A m erican; Eskim o
1 if Other ethnicity
1 if residence is within state - omitted variable
1 if residence is outside state, but less than 1.000 m iles from school
1 if residence is betw een 1000 and 2 0 0 0 m iles from school

0
0
0
0
0
0
0

if other.
if other.
if other.
if other.
if other.
if other.
if other.

1 if residence is o ver 2 0 0 0 m iles from school
1 if an international student
I if parent, sib lin g, or other relative attended school
1 if 1998 - om itted variable
1 if 1999
1 if 2000
1 if 2001 - om itted from 1 9 9 8 -2 0 0 0 model

11 T he cut o f f o f SI 2 .0 0 0 betw een lo w and high need was used in this study. T his figure is approxim ately
h alf o f the required costs o f attending the university. W ith this cut o ff. 2 6 7c o f the admitted students were
placed in the high need category. B y com parison, the cut o f f o f S 15.000 w ould have put 2 4 9c o f the
students into the high need category. There was no significant variation in the m odel results when run using
these tw o figures.
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R esults fr o m 1998-2000 D ata Set
T he m odel was estim ated using SPSS. SPSS provides tw o separate program s for
running binary regressions: binary logistic and probit. T he probit program estim ates both
probit and logit m odels. T he logit variation o f the probit program provides the same
estim ate as the binary logistic program . H ow ever, there are m ajor differences in the
statistical outputs o f these tw o program s. The probit program provides only the Pearson
G oodness-of-Fit test. T he binary logistic program provides the H osm er and Lem eshow
G oodness-of-Fit test, the m odel chi-squares, the log likelihood figure for m odel
com parisons, and tw o “psuedo-R : ” tests, the Cox and Snell and the N agelkerke. In order
to obtain the Pearson G oodness-of-F it test for both m odels (and coefficients with a higher
degree o f precision), the logit m odel w as run using both program s. T able 13 sum m arizes
the results from these regressions.
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Table 13
R egression R esults fr o m 1998-2000 D ata
Variable
Net Price
(Net Price):
(Net Price)J
Low need
High need
Early Action
App. Ratine
HS GPA
(HSGPA):
(HS GPA)3
Combined SAT
Gender (male)
Catholic
Jewish
Other religion
African American
Asian
Filipino
Hispanic
Native American
Other ethnicity
Less than 1000
1000 to 2000
Over 2000 miles
International
Legacy
1999
2000
Constant

B
.16928
-.08167
.00043
.59643
-.15473
.65958
-.17426
1.77655
-.78113
.08650
-.00125
.03041
-.07877
-.23395
-.11455
-.88403
-.54196
-.53615
-.25978
-.36583
- 12513
30042
.19274
.14852
60544
.65564
0536S
.08499
3.13832

**
**
**
**
*
**
**
*
**
»*
”

**
**
**
**
*
”
**
”
*'

**

Logit
Standard
Error
.05882
.00381
.00007
.08241
.08246
.05739
.01950
1.07818
.36830
.04065
.00027
.05120
.05506
.17733
0S449
.18952
.11252
.16864
.08110
.20260
.12263
.06671
.06866
09536
.18015
.07319
.06363
06467
1.11754

(-statistic

B

2.87784
-5.69335
5.89010
7.23689
-1.87647
11.49307
-8.93485
1.64773
-2.12093
2.12785
-4.62411
.59400
-1 43065
-1.31922
-1.35580
-4.66459
-4.81650
-3.17929
-3.20311
-1.80570
-1 02041
4.50313
2.S0703
1.55740
3.36078
S.95S52
.84369
1.31428
2.80823

.09844
-.01287
.00026
.35884
-.07516
.39165
-.10276
1.00905
-.44648
04921
-.00075
.01801
-.04576
-.12728
-.06735
.-55245
-.31139
-.32673
-.15639
-22601
-07116
18051
.11565
08487
3522S
.39156
03300
05290
1.91837

**
**
**
**
**
**
**
**
**

**
**
”
**
*
**
"

’*

Probit
Standard
Error
.03520
.00227
.00004
.04948
.04766
.03431
.01150
.66755
.22448
.02455
.00016
.03008
03239
.10202
04950
.111 S3
.06428
.09772
.04740
.11934
07144
.03933
.04032
05602
.10623
.04410
03749
03S01
.70404

(-statistic
2.79671
-5.67300
5.92052
7.25249
-1.57702
11.41381
-S.93491
1.51157
-1.98S98
2.00416
-4.71835
.59850
-1.41275
-1.24766
-1.36056
-4.94020
-4.84429
-3.34360
-3.29916
-1.89376
-.99615
4.5S927
2.86S29
1 51486
3.31623
S.S7909
SS030
1 39187
2.724S8

* Significant

at .10 level
** Significant at .05 level

n = 9935

M odel Significance
Logit
Pearson G oodness-of-F it
H osm er and L em eshow
M odel Chi-square
-2L og likelihood
C ox & S nell R:
N aselk erk e R:

9 8 6 3 .2 5 3
17.398
1682.701
10567.383
.156
.220

Probit
df 9906
df S
d f 28

S ig.
Sig.
S ig.

. 6 IS
.026
.000

9 8 9 1 .5 IS

d f 9906

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Sig.
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M easures o f overall m odel significance. G oodness-of-fit tests com pare observed
and expected num ber o f responses w ithin cells that are defined by grouping the
d ependent variable. The null hypothesis for these tests is that there is no difference
betw een the num ber of observed and the num ber o f expected responses. High p-values
suggest that this hypothesis cannot be rejected, that is, that there is no difference betw een
the two. T herefore high p-values indicate that the m odel fits the data well. T he Pearson
G oodness-of-F it p-values were .618 for the logit m odel and .539 for the probit m odel.
T hese indicate that the null hypothesis cannot be rejected and that the m odel fits the data
w ell. T he H osm er and L em eshow G oodness-of-Fit chi-square w as significant (p = .026).
T here is a significant difference in the tw o goodness-of-fit statistics. The Pearson
G oodness-of-F it statistic groups the residual prediction errors, with the num ber of groups
d eterm ined by the num ber of covariate patterns, w hile the H osm er-L em eshow G oodnessof-Fit statistic groups the predictions them selves in a predeterm ined num ber o f groups, in
the case of SPSS. 10. T he literature suggests that the use o f the Pearson statistic is not
advised when the num ber o f covariate patterns approaches the num ber o f observations,
w hich is presum ably not the case with the present study. R ecent w ork also has suggested
that the H osm er-L em eshow statistic is lim ited by its grouping strategy and can hide
d ifficulties w hen the estim ated cell probabilities approach eith er zero or one (Pigeon &
H eyse. 1999). An additional note is that the H osm er-L em eshow statistic was not stable as
variables were entered into the m odel, w hereas the Pearson statistic increased as
significant variables w ere entered.
T he likelihood statistic (-2 log likelihood) w as used for com paring prelim inary
results for variable selection. As indicated in the section above, the final m odel was
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chosen by using the likelihood ratio to test for significant increase in the explanatory
value o f the m odels. (O verall predictive accuracy was also considered in choosing the
final m odel.)
T he Cox and Snell R2 and the N agelkerke R2 are pseudo-R 2 m easures. T hey have
been devised to give a m easure o f the explanatory value o f the m odel. T hese statistics are
defined as (1 - L ()/Lo, where Lo is the log likelihood for the constant only m odel and Li
is the log likelihood for the full m odel. H ow ever, the literature suggests that the
interpretation o f these m easures is difficult. In addition, they tend to be low er that
expected, even for successful m odels. T hese m easures for the present research (.156 and
.220) are consistent with other recent results o f sim ilar m odels (Sinha, 1998: Som ers.
1991).
A nalyzing individual variable coefficients. T here are tw o things to look for with
regard to each independent variable coefficient: the sign of the coefficient, and w hether
or not it is significantly different from zero. M agnitudes o f the coefficients cannot be
interpreted directly in logit and probit m odels, since the Xp m atrix is then inserted in the
logistic or standard norm al distribution.
Net price (in $ l,0 0 0 s) was entered in the equation in cubic form (P iN etPrice +
P :N etP rice2+ P:,NetPriceJ). All three coefficients are significant at p < .001 in both
m odels. Interpretation o f the coefficients o f these variables is difficult given both the
cubic functional form and the fact that it is entered w ithin another function (the
probability functions). Figure 5 show s the relationship betw een net price and the
predicted probability of enrollm ent, all else constant. N ote that the shape is sim ilar to the
actual enrollm ent rates by price category presented in T able 11. The fact that the upw ard
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effect is exaggerated in the figure can be explained by the fact that this figure only
illustrates the relationship betw een price and probability, with all other variable held
constant. W hen those other variables are not held constant, they account for fact that the
overall percentage yield does not go up in the low er price range.

0.9

&

0.8
0.7
0.6

O. 0.5
■a

a> 0.4

|

0.3

S °'2
0

5000

10000 15000 20000 25000 30000

Net Price

F igure 5. Price versus estim ated probability (all else constant).
N eed w as divided into three categories - no need, low need, and high need, with
the cut o ff betw een low and high need at $12,000. T he variable no need w as om itted from
the equation to avoid perfect collinearity. T he signs of the coefficients o f the other two
variables are interpreted as the difference in the initial value o f the dependent variable
(intercept) com pared to what it w ould be for the om itted variable. The sign o f the low
need variable is positive, indicating that, all else equal, a low need candidate will have a
higher probability o f enrolling than a no need candidate, and was significant at the .05
level. T his m ay seem counter-intuitive at first, but there are a num ber o f factors that
w ould cause this. The no need student m ay have applied to m ore schools, reducing the
probability o f enrolling in any one school. In addition, if the low need ca n d id a te 's need is
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m et at this institution, it could increase the probability of enrollm ent (especially if it was
not m et at the other institution). A final consideration is that the no need category
includes applicants w ho had no dem onstrated need or w ho did not apply for financial aid.
It can be argued that m any candidates with need do not apply for aid. T he sign o f the high
need variable is negative, indicating that, all else equal, the high need candidate will have
a low er probability o f enrolling than a no need candidate. Since the case institution does
not guarantee to m eet total dem onstrated need, as only a handful o f institutions due, is
this a logical outcom e. H ow ever, the coefficient o f this variable was significant at the .10
level o f significance in the logit m odel and not significant in the probit m odel.
T he effect of being an early adm issions candidate w as positive and was
significant at the .05 level. For any given set o f o ther characteristics, the early adm issions
applicant has a higher probability of enrollm ent than the regular adm issions applicant.
High school G P A was entered in cubic form (P 8G PA + (3<)GPA2+ PioG PA '). GPA
•>

■»

w as significant at .10 in the logit m odel, but not in the probit. G P A ' and GPA" were
significant at the .05 level in both m odels. T he signs o f these coefficients are m ore
difficult to interpret because they are part of a cubic equation. The cubic function defines
a relationship where the probability of enrollm ent peaks at a G PA of 1.5. and decreases
after that. In o th er w ords, for G PA s less than 1.5, the probability o f enrollm ent increases
as G PA increases; for G PA s greater than 1.5, the probability o f enrollm ent increases as
G PA increases. Figure 6 illustrates the relationship betw een G PA and estim ated
probability, all else held constant.
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Figure 6. High school G P A versus estim ated probability (all else constant).
T he sign o f com bined SA T is negative, indicating that, as the SA T score
increases, the probability of enrollm ent decreases. C om bined S A T is significant at the .05
level.
T he sign o f the gender variable (w ith 1 being m ale) is positive, indicating that, all
else constant, a m ale is m ore likely to enroll than a fem ale. T his is consistent with the
cross tabulation results that, once adm itted, the percentage of en rollm ent is slightly higher
for m ales than fem ales. H ow ever, the coefficient is not significantly different from zero.
R eligion w as divided into four categories— C atholic. P rotestant, Jew ish, and
Other. T he Protestant variable w as om itted. The signs of the other three variables were all
negative, indicating that, all else equal, the Protestant candidate w ould have the highest
probability o f enrollm ent. H ow ever, none o f the coefficients w ere significantly different
from zero.
Race or ethnicity was divided into seven categories - A frican A m erican. Asian.
C aucasian, Filipino. H ispanic, N ative A m erican, and O ther. The C aucasian variable was
om itted from the equation. T he signs o f the other six variables w ere all negative.
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indicating that, all else equal, the C aucasian candidate w ould have the highest probability
o f enrollm ent. T he coefficients of the A frican A m erican, A sian, Filipino, and H ispanic
variables w ere significant at the .05 level. T he coefficient o f the N ative A m erican
variable w as significant at the .10 level. T he coefficient o f the O ther Ethnicity variable
w as not significant.
D istance from hom e was divided into five categories - w ithin state, out o f state
b ut less than 1,000 from hom e, from 1,000 to 2,000 m iles from hom e, greater than 2,000
from hom e, and international students. T he w ithin state variable w as om itted from the
equation. T he signs of the other four variables w ere all positive, indicating that, all else
equal, the w ithin state candidate w ould have the low est probability o f enrollm ent. This
seem s counter-intuitive. There are a num ber o f possible reasons why these results
occurred. First, as noted previously, the state institutions are this in stitu tio n 's leading
com petitors. W ithin state students are also applying to these schools, which have a lower
price. Secondly, out o f states students that apply w ould be expected to have a higher
interest level on average, since it takes m ore effort to research and visit the institution.
T hree o f the four coefficients were significant at the .05 level.
T he sign o f the legacy variable was positive, indicating that, all else equal, a
candidate with a relative w ho had attended the institution has a higher probability of
enrollm ent. T he coefficient o f this variable was significantly different from zero at the
.05 level.
T hree dum m y variables for the year w ere created - 1998. 1999. and 2000. The
year 1998 w as om itted from the equation. The signs of the other two variables were
positive, indicating that over the tim e period o f analysis, the probability of enrollm ent
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increased due to factors not in the m odel. T his indicates that other factors not in the
m odel were changing. H ow ever, neither coefficient was significantly different from zero
at the .05 level.
Significance o f groups o f variables. Since sets o f dum m y variables were used to
estim ate the effects o f need, race or ethnicity, religion, and distance from hom e, the
significance o f the groups o f dum m y variables were tested in each case. Likelihood ratio
tests were perform ed. T he likelihood ratio test is perform ed by running the full m odel
(unrestricted) and running a restricted m odel with the variable group om itted. The
difference in the statistics - 2 Log likelihood for the two m odels is calculated, the
difference in the degrees o f freedom is calculated, and the results are com pared to the chisquare distribution. T he results o f these tests are in Table 14.
Table 14
L ikelihood Ratio Tests f o r C ategorical
-21og
Variable
likelihoodR
G roup
N eed
10630.675
10571.243
R eligion
10624.397
Race or ethnicity
D istance
10598.685

Variables fo r 1998-2000 D ata
C ritical
df
L r - Lu

Significance

r
63.292
3.860
57.014
31.302

2
3
6
4

5.991
7.815
12.592
9.488

.000
-.3 0 0
.000
.000

Need, race or ethnicity, and distance each have a significant effect on the
probability of enrollm ent. R eligion was not show n to have a significant effect on the
probability o f enrollm ent.
C lassification Accuracy. A nother m easure of the goodness-of-fit o f the m odel is
how well it classifies the dependent variable. The observed values o f the dependent
variable, enrolled, are either 0 or 1. The m odel provides a probability estim ate betw een 0
and 1 based on the independent variables. T o test classification accuracy, a cut score is
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determ ined for the probability, below which the student is classified as not enrolling and
above w hich the student is classified as enrolling. F o r the 1998-2000 data set, 30.7% o f
the adm itted students enrolled in the institution (see T able 4). T his historical percentage
is the best inform ation regarding the probability o f enrollm ent. T herefore the cut score o f
.31 (the interface for the logistic m odel only provides tw o decim al places) was used to
test classification accuracy. T he probit m odel does not provide this procedure. T o test
classification accuracy o f the probit m odel, the probabilities were calculated using the
regression coefficients and then categorized. (See the P redictions f o r Fall 2001
E nrollm ent section below for a com plete description o f this process.) Table 15 provides
the results o f this test.
T able 15
C lassification A ccuracy f o r 1998-2000 D ata
Loait
61.6%
E nrolled
14.5%
D id N ot Enroll
70.6%
O verall

Probit
65.9 %
70.3%
69.0%

C ut score = .3 1
T he logit m odel classified those students w ho did not enroll with m ore accuracy
than the probit m odel, and the probit m odel classified those that did enroll with more
accuracy. H ow ever, the overall classification accuracy w as sim ilar, with the logit
accuracy slightly higher, and in the range consistent w ith other recent research (Sinha.
1998).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

85

P redictions f o r F all 2001 Enrollm ent
O nce the m odel w as estim ated for the 1998-2000 data using logit and probit
techniques, the results w ere used to predict the enrollm ent from the adm itted students for
fall 2001. T his w as done by calculating the j lh student’s probability o f enrollm ent using
the m odel coefficients to obtain the logit or probit, and then substituting into the
respective probability distribution.
F* lo g it

= EXP(XjP,ogit)/( 1 + EXP(XjP,ogit))

(1 2 )

Pprobit = 0 .5 + (l/2 .5 0 6 6 )* ((( xJPprobil)A3 /6 ) + (( XjPprobi()A5 /4 0 ) +

( ( Xjpproblt)A7/388)))

(13)

An additional refinem ent w as necessary for the 2001 predictions. A lthough the
year variables were not significant, there was the concern that, as tim e passed, there
w ould be som e significant variation in the enrollm ent probability that w ould not be
captured by the other variables. So logit and probit coefficients for 2001 were estim ated
from the patterns over tim e for the year variab les12. The coefficient .13 was used for the
logit m odel and .08 for the probit m odel. N ote that when the full 1998-2001 data set was
run, the actual coefficients w ere .22016 and .12994. respectively, and were both
significant. T hese values w ere not used, how ever, since when m aking predictions of
enrollm ent for a given year, the institution w ould not have this inform ation and could
only use the best inform ation at hand at the tim e o f prediction, which is the historical
pattern in these variables. T able 16 provides the prediction classification accuracy based
on the historical probability o f enrollm ent o f .307.

12 T he logit co efficien t was .0 5 3 for 1999 and .0 8 4 for 2 0 0 0 . The coefficien t increased (from 0 for 1998) an
average o f .0 4 2 for the two years. It was assum ed that the coefficien t would increase by .042 to .126 for

2001.
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Table 16
C lassification A ccuracy f o r Fall 2001 E nrollm ent P redictions
Probit
Logit
64.7%
58.5%
E nrolled
75.4%
80.4%
D id N ot Enroll
73.9%
72.2%
O verall
C ut score = .31
T he probit m odel predicted both enrolls and not enrolls m ore accurately than it
classified the 1998-2000 data. T he logit m odel predicted enrolls less accurately than it
classified the 1998-2000 data, although it predicted not enrolls m ore accurately, and
overall accuracy was higher as well. T he logit model predicted 1051 enrollm ents,
com pared to the actual enrollm ent o f 1003. T he probit m odel predicted 1232.
Regression Results fr o m F our-Year D ata Set
A fter m odel validation against the 2001 data, regressions were rerun using all four
years o f data. Results o f the logistic and probit procedures are given in Table 17.
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Table 17
R egression R esults fr o m 1998-2001 D ata
B

Variable
Net Price
(Net Price):
(Net Price)5
Low need
High need
Early Action
App. Rating
HS GPA
(HS GPA)2
(HS GPA)'
Combined SAT
Gender (male)
Catholic
Jewish
Other Religion
African American
Asian
Filipino
Hispanic
Native American
Other ethnicity
Less than 1000
1000 to 2000
Over 2000 miles
International
Legacy
1999
2000
2001
Constant

.23356
.02518
.00049
.56528
-.15014
.63915
-.17018
2.40551
-.98133
.10564
-.00150
.05148
-.04562
-.24680
-.13907
-.79529
-.52134
-.48201
-.23809
-.26330
-.06850
.35931
.20043
.17431
50S57
.68281
.07823
.11241
.22016
2.48329

**
**
**
**
**
**
**
**
**
**
**

*
**
**
**
-

**
**
**
**
**
*
**
**

Logit
Standard
Error
.04689
.00302
.00006
.07285
.07358
.04954
.01719
.96741
.33265
.03693
.00024
.04481
.04803
.16127
.07379
.16109
.09546
.14146
.07012
.17432
.11121
.05803
.05995
.08076
.15850
.06380
.06243
.06495
.04954
.99179

t-statistic

B

4.98085
-8.32892
8.47969
7.75945
-2.04047
12.90240
-9.S9946
2.48654
-2.95008
2.86080
-6.32150
1.14883
-.94978
-1.53037
-1.88455
-4.93686
-5.46125
-3.40743
-3.39564
-1.51042
-61602
6.19226
3.34304
2.15S48
3.20871
10.70263
1.25304
I.7S521
3.38946
2.50385

.13821
-.01505
.00029
.33875
-.07351
.37909
-.10045
1.39413
-.56843
.06085
-.00088
.03008
-.02699
-.14009
-.08127
-49271
-.30263
-.28909
-.14280
-.16320
-.03748
.21546
.1192!
10216
.29377
.40774
.04733
06871
.12994
1.49672

**
**
*»
**
*
**
**
**
**
**

*
**
**
**

**
**
**
**
**
*
**
**

Probit
Standard
Error
.02792
.00179
.00003
.04359
.04242
.02954
.01014
.60097
.20308
.02232
.00014
.02626
02S12
.09275
04300
09507
05446
.08161
04093
.10256
06464
03413
03506
04733
09265
.03841
03670
03693
03S11
.62852

t-statistic
4.95041
-8.39388
8.60805
7.77080
-1.73292
12.83191
-9.91065
2.31979
-2.79899
2.72602
-6.38922
1.14561
-959S4
-1.51045
-1.89020
-5.18262
-5.55737
-3.54259
-3.48862
-1.59124
-.57993
6.31342
3.40032
2.15846
3.17091
10.61465
1.28953
1.S6039
3.40997
2.38132

* Significant

a t . 10 level
** Significant at .05 level

n = 1330S

Model Significance
Logit
Pearson G oodness-of-F it
Hosm er and Lemeshovv
M odel Chi-square
-2L og likelihood
C ox & Snell R'
N aaelkerke R"

1 32IS .186
17.492
2376 .5 5 8
13980.2S4
.164
.231

Probit
df
df
df

Sig. .642
Sig. .025
Sig. .000

13261.094

df

1327S
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Com parison o f m odel significance betw een 1998-2000 a n d 1998-2001 data sets.
T he m easures o f g oodness-of-fit w ere sim ilar using the full data set. T he Pearson
G oodness-of-F it chi-square w as not significant again with the com plete data set,
indicating that the m odel fit the data w ell. T he H osm er and L em eshow G oodness-of-Fit
chi-square w as significant at the .05 level with the full m odel (p=.025), as in the 19982000 m odel. T he Cox and Snell R 2 and the N agelkerke R2 were both higher w ith the
com plete data set.
C om parison o f variable coefficient signs and significance betw een 1998-2000 and
1998-2001 data sets. The signs o f all o f the coefficients were the sam e for the estim ates
from both the 1998-2000 and 1998-2001 data sets. T he significance levels o f the
coefficients w ere the sam e for m ost variables. H ow ever, significance did change for a
few o f variables. High need rose in significance in both the logit and probit m odels. High
school G PA and over 2,000 m iles from hom e becam e significant at the .05 level. O ther
religion becam e significant at the .10 level. Native A m erican w ent from being significant
at the . 10 to being not significant w ith the com plete data set (p = . 14). The year 2000
variable becam e significant at the .10 level, and the new variable, year 2001 was
significant at the .05 level.
C om parison o f significance o f categorical variables. T able 18 provides the
likelihood ratio test results for the categorical variables.
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Table 18
L ikelihood Ratio Tests f o r C ategorical V ariables f o r 1998-2001 Data
df
Critical
-21og
V ariable
L r - Lu
likelihoodR
G roup
r
2
5.991
72.664
14052.948
Need
5.339
3
13985.623
7.815
Religion
6
12.592
14045.965
Race or ethnicity
65.681
4
9.488
14028.572
48.228
D istance

Significance
.000
-.1 5 0
.000
.000

As in the m odel estim ated w ith 1998-2000 data, need, race or ethnicity, and
distance all have significant effects on the probability o f enrollm ent. As with the 19982000 data, religion was not show n to have a significant effect on the probability o f
enrollm ent.
C lassification Accuracy. C lassification accuracy was calculated for the 1998-2001
data set. T he results are provided in T able 19.
T able 19
C lassification A ccuracy f o r 1998-2001 D ata
Logit
63.0%
E nrolled
74.2%
Did Not Enroll
70.8%
Overall
C ut score = .30

Probit
60.9%
76.4%
71.6%

T he probability cut score was changed from .31, which was used with the 19982000 data, to .30 for the 1998-2001 data set. T his is because the overall percentage o f
enrollm ent was 30.7% for 1998-2000 and was 30.4% for 1998-2001. The classification
accuracy w as very sim ilar betw een the 1998-2000 and the 1998-2001 data sets for the
logit m odel. The classification accuracy changed more for the probit m odel betw een the
two data sets, with the dispersion betw een classification accuracy o f enrolls and not
enrolls being m uch greater for the 1998-2001 data.
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Policy A nalysis
T he final step in the analysis was to exam ine the effects of various pricing policy
changes. T he full four-year data m odel results were used for this purpose. T his analysis
was perform ed using tw o procedures. The first is a price sensitivity analysis on the total
data set. T he second is the creation o f policy sim ulations o f particular interest to the
institution.
Price Sensitivity A nalysis
T his research used logit and probit regression techniques rather than linear
regression. T herefore, the sensitivity to price is not constant in the m odel. In fact, the
price sensitivity is different for each student (Crow n, 1998). Just as C row n noted that
taking the derivative o f the m ean value m ight produce an inflated sum m ary figure,
calculating any change statistic at the mean m ight also inflate the price sensitivity for the
sam e reason. T herefore in this research, sensitivity to a $1,000 decrease in price was
calculated for each student, and then the m ean was calculated. The follow ing form ula
presented in C hapter 3 was used with both the logit and probit output:
Probability Aj = P|j - P0j,
w here
and

(II)

P0j = estim ated probability calculated w ith actual net price
for the jth student.
P|j = estim ated probability calculated w ith actual net price - S 1.000
for the jth student.

T he m ean sensitivity to a $1,000 decrease in net price was .02 for both the logit
and probit m odels. T he range w as -.07 to .05 for the logit model and -.06 to .05 for the
probit m odel. T hat is. a $1,000 decrease in net price increased the probability of
enrollm ent by 2% , for exam ple, from .30 to .32. H ow ever, again because of the shape of
the probability distribution, there is a wide variation in the change in the probabilities as
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price changes. T able 20 show s the m ean changes in probability by net price group. The
sensitivity to change is strongest in the $15,000 to $20,000 price range.
Table 20
P rice Sensitivity
N et Price G roup
$0 - $5,000
$ 5 ,0 0 0 -$ 1 0 ,0 0 0
$ 1 0 ,0 0 0 -$ 1 5 ,0 0 0
$ 1 5 ,0 0 0 -$ 2 0 ,0 0 0
$20,000 - $25,000
$25,000 - $30,000
Total

M ean C hange in Probability
Probit
Logit
-.02
-.02
.01
.01
.03
.03
.04
.04
.03
.03
.02
.02
.02
.02

Figure 7 provides the sam e inform ation discretely for all students in the sam ple.
N ote the very definite quadratic relationship betw een the m axim um sensitivities and net
price.

06

10000

15000

25000

N e t Price

Figure 7. Student price sensitivity against net price.
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W hen com paring these results to S PR C s and delta Ps reported in other research, it
m ust be noted that the results reported here do not have the overestim ation bias
associated w ith calculating only one estim ate at the m ean. As will be discussed in
C hapter 5, the present results are low er than m ost o th er recent research.
N ote that the average change w as negative betw een $0 and $5,000. T his is
consistent w ith the findings in Figure 5. T his effect is uncovered because the net price
variable w as not constrained to be linear. T his effect w as also observed for certain
dem ographic groups in T able 11, and in the price-group m odel reported on page 72.
As previously m entioned in C hapter 3, another caveat w ith the price sensitivity
reporting practices is that absolute probability changes fail to uncover the pow er of the
$1,000 change at difference points in the function. For exam ple, for a student whose
initial probability o f enrolling was .20. a change of .02 to .22 m eans he is 10% more
likely to enroll. For a student w hose initial probability o f enrolling was .70, a change o f
.02 to .72 m eans he is only 3% m ore likely to enroll.
P olicy Sim ulation
E ight scenarios o f interest to the institution w ere created. Each of these scenarios
sim ulates a $1,000 decrease in the net price variable. For exam ple, the first scenario
sim ulates a $1,000 increase in financial aid for a C aucasian. Protestant m ale, with
average ability, from w ithin state, w ith no financial need, no legacy, and w ho applied for
regular adm ission. For each scenario, the initial probability o f enrollm ent is estim ated,
the probability o f enrollm ent after the net price decrease is estim ated, and the change in
probability is calculated. T he changes in probability w ere calculated using form ula (11)
above. It is also noted w hether or not the $1,000 decrease in price resulted in a predicted
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change in the enrollm ent decision. T his w as based on w hether the estim ated probability
changed from below to above the cut score of .30.
T he eight scenarios are divided into four pairs so that the effects o f changes in
other variables can be analyzed as well. For exam ple, scenarios la and lb are the same,
except that the student in la applied under regular adm issions and the student in lb
applied for early adm ission. The single variable that differs betw een the “a” and “b”
cases are in bold.
T able 21 provides the results of these scenarios.
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Table 21
Effects o f Pricing P olicy C hanges
Scenario
la. S I .0 0 0 increase in financial aid for a
Caucasian. Protestant m ale, with average
ability, from within state, with no financial
need (initial net price = $ 2 9 ,9 0 8 ). reg u lar
adm ission, no legacy
lb. S I .0 0 0 increase in financial aid for a
Caucasian, Protestant m ale, with average
ability, from within state, with no financial
need (initial net price = S 2 9 .9 0 8 ), early
adm ission, no legacy

Initial
Probability

N ew
Probability

Probability
D elta

Enrollment
D ecision
Change

Loait
.15

.15

07c

No

0 7c

No

-1 7c

No

0 7c

No

4Cf

Y es

37c

Y es

Probit
.13

.13

.26

.25

Loait
Probit
.23

.23

Loait
2a. S I .0 0 0 increase in financial aid for an
.28
.32
African A m erican. Protestant fem ale, with
Probit
above average ability, from within state, with
.29
.32
high financial need (initial net price =
S i 2 ,0 0 0 ). regular adm ission, no legacy
Loait
2b. S 1.000 increase in financial aid for an
.18
.21
African A m erican. Protestant fem ale, with
Probit
above average ability, from within state, with
.17
.20
low financial need (initial net price = $ 2 0 ,0 0 0 ),
regular adm ission, no legacv
Loait
3a. S 1.000 decrease in tuition for an H ispanic,
.28
.32
Catholic m ale, with above average ability, from
Probit
within state aw ay, with low financial need
.27
.31
(initial net price = S 2 0 .0 0 0 ), regular adm ission,
no legacy
Loait
3b. $ 1 ,0 0 0 decrease in tuition for an H ispanic.
.32
.36
Catholic m ale, with above average ability, from
Probit
over 2000 miles aw ay, with low financial need
.31
.35
(initial net price = $ 2 0 ,0 0 0 ). regular adm ission,
no legacv
Loait
4a. S I .0 0 0 increase in financial aid for a
.72
.75
Caucasian. Catholic fem ale, with below
Probit
average ability, from 1000*2000 miles away,
.69
.73
with low financial need (initial net price =
S 2 0 .0 0 0 ). regular adm ission, with a legacv
Loait
4b. S 1.000 increase in financial aid for a
.75
.78
Caucasian. C atholic fem ale, with below
Probit
average ability, from less th a n 1000 miles
.73
.76
away, with low financial need (initial net price
= S 2 0 .0 0 0 ). regular adm ission, with a legacy
A bove average ability was coded as G P A = 4 .0 . SA T = 1350. A pplication Rating = S.
Average ability was coded as G PA = 3 .7 5 . SA T = 1200. A pplication Rating = 6.
B elow average ability was coded as G P A = 3.0. SA T = 1050. A pplication Rating = 4.
T hese cod in gs were based on the central tendency and dispersion o f the three variables

37c

No

37c

No

4 7c

Y es

4 7c

Y es

47r

No

4 7c

No

3r'r

No

4 7c

No

37c

No

3°r

No

within the data set.
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T he changes in probability from a $1,000 decrease in net price ranged from
-1 % to 4% in the logit m odel, and from 0% to 4% in the probit m odel. In tw o cases, (2a
and 3a) the adm issions decision was affected by the decrease in net price, as these
students w ere near but below the cut score of .30 before the decrease.
C ases la and lb illustrate the effects o f early decision on the probabilities of
enrollm ent. For students w ith this set o f characteristics, the early adm issions candidate
was approxim ately 75% m ore likely to enroll. In both cases, the $1,000 decrease w as not
enough, how ever, to change the adm issions decision.
C ases 2a and 2b illustrate the effect o f the differences in need categories. For
students w ith the given set o f characteristics, the high need candidate was over 50% m ore
likely to enroll. The enrollm ent decision did change for the high need candidate with a
$1,000 increase in aid. An additional assum ption o f these tw o cases was that the need
was m et for both the low need and high need candidates. Therefore the differences in the
probabilities betw een case 2a and case 2b illustrate both a difference in need and a
difference in financial aid, and hence net price.
C ases 3a and 3b and 4a and 4b illustrate the effects o f the distance for an above
average ability H ispanic m ale and a below average ability C aucasian fem ale. In cases 3a
and 3b, the w ithin state candidate was about 15% less likely to enroll that the candidate
from over 2000 m iles away. In cases 4 a and 4b. the candidate from less than 1000 m iles
aw ay (out o f state) was about 5% m ore likely to enroll than the candidate from 1000 to
2000 m iles away.
M any addition policy sim ulations could be illustrated. U sing this m odel, the
institution will be able to determ ine the effects o f various financial aid policies on
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students w ith different dem ographic, socio-econom ic, and degree o f preparation
characteristics.
Sum m ary a n d C onclusion
U sing the m ethodology described in C hapter 3, logit and probit estim ates o f the
theoretical m odel w ere estim ated. V arious refinem ents to the variables w ere tested
(functional form , interaction effects, m odifications due to m ulticollinearity, etc.). These
refinem ents resulted in the final form of the m odel presented in T ables 13 and 17.
T he signs o f m ost o f the coefficients w ere as expected. T hose that differed from
expectations w ere those for low need and for all the distance from hom e variables.
G ender and religion w ere not significant although they w ere expected to be.
C lassification accuracy was near 70% for all m odels. A lthough it was hoped to be
higher, this percentage is consistent with other m odels that use adm issions and financial
aid data.
T he results of the policy sim ulations w ere generally as expected. Decreases in net
price produced changes in the probability o f enrollm ent w ithin the range expected based
on previous research. T he m odel estim ated will provide the institution with a tool that
will help w ith enrollm ent and financial aid m anagem ent.
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CH A PTER 5
Sum m ary o f Findings
Introduction
In today’s higher education environm ent, institutions face m any issues related to
adm issions and Financial aid. Som e issues are m arket-w ide, and som e are institutionspecific. All institutions face the problem s associated w ith m aintaining or im proving
selectivity rankings, the declining value of federal subsidy program s and increasing need
for institutional aid. fluctuating enrollm ent rates, and the increasing com petition betw een
schools. Each institution also faces a set o f unique enrollm ent m anagem ent issues. For
the institution used in this research, these issues include the desire to m aintain the
enrollm ent level of C atholic students w hile developing an ethnically and culturally
diverse cam pus com m unity.
Institutions of higher education need tools that can help them address these
enrollm ent m anagem ent issues. W ith technological innovations that allow institutions to
collect m ore data, they are now in the position to develop and use m ore sophisticated
tools. T he purpose o f this research was to develop a tool for one institution that w ould
answ er the follow ing questions: (1) w hat is the probability of enrollm ent for each
adm itted student, and (2) how w ould changes in the financial aid package affect this
probability? T his tool will help the institution m ake m ore inform ed policy decisions.
This chapter will review the findings from this research, com pare those findings
to previous studies, discuss the potential use o f this research in institutional policy-

97

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

98

m aking processes and practices, and discuss how the results o f this study m ight direct
future research.
Sum m ary o f F indings
T he m odel used in this research w as based on both econom ic theory and the
results o f other em pirical w ork, and w as refined through statistical analysis. Its main goal
was to develop the best predictive m odel using the data collected by the institution and
available to it at the tim e the adm issions and financial aid decisions are made. O ther goals
included applying the m ost appropriate statistical techniques, w hile m aintaining usability
o f the m odel.
Price Sensitivity
Econom ic theory states that the quantity dem anded o f a good is negatively related
to the price o f the good. One of the general conclusions from past em pirical research was.
in fact, that m ost students are sensitive to changes in the price o f tuition, with enrollm ent
dem and decreasing as tuition increases. T he results o f this study, for the m ost part,
confirm ed econom ic theory and general em pirical findings. T he unique finding was that a
linear, constantly decreasing functional form w as not the best fit for the data. Rather, a
cubic relationship betw een net price and enrollm ent probability provided a better fit. The
slope o f the graph o f net price (tuition, room , board, and other expenses m inus all grant
aid) w as negative in all but the lowest price level, indicating that as the price decreased,
the student w as m ore likely to enroll. (See Figure 5.) An interpretation of the anom aly of
a positive relationship in the lower price range (w hich was also observed in the
descriptive analysis) is that when price is relatively low, other variables have a greater
effect on the enrollm ent decision than net price. T he results o f the grouped model
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analysis (see footnote 8) also bears o u t the conjecture that price is not as im portant when
it is very low, as the coefficient on net price was positive, but not significant, in the $0 $5,000 and $5,000 - $10,000 price groups.
T his research used logit and probit regression techniques rather than linear
regression. T herefore, the sensitivity to price is not constant in the m odel. In fact, price
sensitivity is different for each student (C row n, 1998). Because o f this, sensitivity to a
$1,000 decrease in price w as calculated for each student. T he m ean sensitivity to a
$1,000 decrease in net price was .02 for both the logit and probit m odels. T hat is, on
average, a $1,000 decrease in net price increased the probability of enrollm ent by 2%. for
exam ple, from .20 to .22.
D irect com parisons of these results to the literature are difficult for a num ber of
reasons. First, researchers use a nu m b er o f m easures of sensitivity. Som e authors report
SPR C s (Student Price R esponse C oefficients), som e delta Ps, and others neither o f these.
As discussed before, there is an inherent overestim ation concern w ith these m easures.Ij
For the present study, the change in probability for a $1,000 change in price was
calculated by finding each stu d en t’s initial estim ated probability, subtracting $1,000 from
each stu d en t’s actual price and recalculating the probability, finding the difference, and
then taking the average across all students.
The second issue co n founding com parisons is the value o f a dollar. T uition has
skyrocketed in the last three decades. Jackson and W eathersby calculated SPR C s on a

SPR C s are calculations o f the absolute ch an ge in enrollment for a S 100 or S I .0 0 0 change in price. Delta
Ps also report the absolute change in enrollm ent for a S 1.000 change in price (g iv en that price is entered in
S I.0 0 0 s . which is the practice o f researchers w ho report delta Ps). H ow ever, they also reflect the change in
probability at the mean, rather than the m ean o f the changes in probability. If the data con sists o f many
cases at the extrem e and few at the mean, the change in probability at the mean may be much higher than
the mean o f the change in probability, sin ce the slop e o f the logit and probit curves is steepest at the mean,
and flat at the extrem es (C row n, 1998).
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$100 change for a base year w hen the average tuition was $2,000, w hich is a 5% change
in tuition. This study uses a $1,000 change for a base year w hen the total price was
$27,360, w hich is a 5.9% change in price. T hese are fairly com parable proportional
changes. Studies done in the tim e interval betw een the Jackson and W eathersby study and
this study also used either $100 o r $1000 as the am ount o f the change in price. H ow ever,
the base prices were constantly changing. T herefore, the proportional change represented
by a $100 or $1,000 change in price could not be expected to the sam e across studies.
The third issue that m akes com parisons difficult is the fact that there are tw o types
o f studies— national and institution specific. Studies that used institution-specific data
tend to report higher price sensitivities. T his m akes sense because, w hen looking at
choice rather than access m odels, a student m ay not enroll in the specific institution being
studied, but m ay still enroll in college.
A final difficulty lies in the difference betw een absolute and relative change.
SPR C s and delta Ps both calculate absolute change. It is general practice in fields such as
econom ics to report relative change by dividing the absolute change by the starting value.
A lthough the relative change provides a m ore precise level o f com parison, the present
research reported absolute change to rem ain com parable with existing research in the
field of education.
To m itigate the effects o f the first three o f these issues. T able 22 com pares the
results o f a num ber o f the m ore recent studies, using the au th o rs' translation o f the
change statistic he or she calculated into percent change in probability language.
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Table 22
Com parison o f P rice Sensitivity Estim ates
Type
Study
N ational
St. John (1990)
M oore, Studenm und, &
Slobko (1991)
S om ers (1991)

Private institution
Public institution

H eller (1997) review

Both

Present study (2001)

Private institution

% C hange in Probability
4.3% increase for $1,000
increase in grant aid
7.8% increase for $1,000
increase in grants
6.2% increase for $1,000
increase in aid
0.5% to 1.0% decrease for
$100 increase in price
M ean 2% increase for
$ 1,000 decrease in price

The fact that the results from the present study are low er than the rest is consistent
with the w arnings that statistics calculated only at the m ean can overestim ate sensitivity.
The im plication for policy m akers is that they need to look at specific students, or groups
o f sim ilar students, when estim ating the effect o f policy decisions, and not rely solely on
one average estim ate. This study also provided this type of inform ation in the policy
scenarios in Table 21.
Incom e Sensitivity a n d Effects o f Incom e on P rice Sensitivity
Econom ic theory states that consum ption is positively related to incom e. This is
difficult to translate to enrollm ent in higher education, since you c a n 't consum e discrete
quantities of undergraduate education. In addition, incom e not only affects your ability to
pay but also your tastes and preferences for education in general and for specific
institutions. T herefore incom e variables m easure m ultiple characteristics o f the student.
In this study, financial need was used as a proxy for incom e. T his w as done
because incom e inform ation was only available for financial aid applicants. N eed was
categorized as no need, low need and high need. As a proxy for incom e, these w ould
translate to high incom e, m oderate incom e, and low incom e. T heory w'ould suggest that
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the probability o f en rollm ent w ould decrease betw een these categories. In fact, the sign of
the coefficient on low need was positive, indicating that a m oderate incom e student was
m ore likely to enroll than a high incom e student was. As discussed in C hapter 4, two
potential reasons for this are the fact that som e students w ith actual need do not apply for
it, and the likelihood that no need students apply to m ore institutions, thereby low ering
their probability o f enro llin g in any particular institution. T he coefficient on high need
w as negative as expected.
The em pirical w ork review ed in the literature also show ed inconsistency o f results
with regard to the effect incom e has on price sensitivity. R adner and M iller (1970),
H oenack (1968), St. John (1990), and M oore, Studenm und & Slobko (1991) all show ed
an inverse relationship betw een incom e and price sensitivity. In contrast, C orazzini et. al.
(1972) show ed highest price responsiveness in the highest incom e categories and in the
low est incom e categories. The results from this study related to price sensitivity and
incom e are presented in T able 23.
Table 23
Incom e a n d P rice Sensitivity
Logit Price
N eed C ategory
Sensitivity
.0128
No need
.0257
Low need
.0263
High need

Probit Price
Sensitivity
.0109
.0243
.0255

The results from this study show price sensitivity increasing with need, therefore
decreasing w ith incom e, which is consistent with all the findings except C orazzini et. al.
C om parison o f logistic a n d probit m odels
Previous research has show n that logistic regression and probit m odels provide
sim ilar results (A ldrich & N elson, 1984). The results from this study concur with
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previous findings. The signs o f the coefficients, the significance o f the coefficients, and
the relative m agnitudes o f the coefficients w ere the sam e betw een the tw o techniques.
T he actual values of the coefficients cannot be com pared because the resulting m atrices
are then entered into either the logistic distribution (logit m odel) o r the standard norm al
d istrib ution (probit m odel). T he com parison point is the actual probabilities for each
student after this is done. The difference betw een the probabilities was calculated for
each stu d en t in the 1998-2001 d ata set (probit probability - logit probability). The m ean
difference was -.0169, with a standard deviation o f .0121. Figure S show s these
d ifferences for each student plotted against net price.
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N et Price

F igure S.
D ifference betw een probit and logit probability plotted against net price.
N ote that the difference betw een the probit and logit probabilities tends to be
above zero in the low er range o f net price and decreases as net price increases. This
suggests that the probit probabilities tend to be above the logit probabilities at the top of
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the S-like curve, and below them at the bottom o f the curve. T his indicates that the
relative shape of the tw o estim ated probability curve is as predicted by the literature
(G reene, 1990; C row n, 1998). T his literature suggests that the tails o f the logit-estim ated
curve are fatter than those o f the probit-estim ated curve.
A re there any theoretical argum ents for selecting one technique over the other?
T heory and com m on sense w ould suggest that the probability o f enrollm ent w ould not hit
I even at a net price o f 0, because som e students that were adm itted w ould not enroll,
sim ply because they have a strong preference for another school. Theory and com m on
sense w ould also suggest that the probability o f enrollm ent w ould not hit zero at the full
price because som e students have a strong em otional or legacy tie to the institution.
H ow ever, the proportion o f students at these tw o ends w ould be too hard to predict to
ju stify the use of one o f the techniques over the other. If anything, one m ight argue that
for a m ost selective institution, alm ost every adm itted candidate w ould enroll if the net
price w ere 0 and there w ould be a large num ber o f candidates w ho w ould enroll at alm ost
any price. T his w ould argue for using the probit estim ates at the low er end of the net
price range and the logit estim ates at the higher end. The oppositive argum ent would hold
for a less selective institution.
T here are som e technical considerations that may cause a researcher to choose
one technique over the other. W ithin the SPSS program , the logistic regression function
provides m ore statistical output. It provides m ore types o f evidence of significance of the
m odel and goodness o f fit. It also provides the output for likelihood ratio tests, where the
probit analysis does not. Therefore, w ith the ex istin g SPSS tools, the use o f the logistic
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regression function is preferable. H ow ever, w ith additional softw are engineering, both
program s could be m ade equally useful.
Use o f this M o d el f o r Institutional P olicy and P ractice
T his case study has relevance both for policy m akers at the institution itself and
for policy m akers at other institutions facing sim ilar issues. T herefore this analysis will
be discussed under those tw o headings.
Im plications f o r Case Institution
T he institution used fo r this study has very specific, w ell-defined goals, such as
developing an ethnically and culturally diverse cam pus com m unity. Institutional policies
and practices are created to help organizations m eet such goals. R esearch helps an
organization determ ine w hether those policies and practices are effective in m oving
tow ards its goals. T he present study provided the case institution w ith three types of
findings: (1) results which w ere consistent with the assum ptions underlying present
policy and practice, (2) results w hich were counter-intuitive and need to be exam ined
further, and (3) insights into institutional data collection and m anagem ent.
This study confirm ed that m inority students are less likely to enroll, that students
with higher SA T scores and G P A s are less likely to enroll, and that students with a
relational legacy with the school and who have visited the school are m ore likely to
enroll. These findings support the present financial aid practices o f aw arding m inority
scholarships and m erit scholarships, and the present recruitm ent practices o f alum ni
recruiting and encouraging cam pus visits.
T he study also highlighted som e areas that look, on the face o f it. inconsistent
with present assum ptions. It w as expected that the effect on enrollm ent o f distance from
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hom e w ould be negative, that the effect o f being a m ale applicant w ould be negative, and
that the effect o f being a Catholic applicant w ould be positive. In fact, each o f the
findings was ju s t the opposite.
T he effect of the set of dum m y variables for distance from hom e w as significant
in the enrollm ent decision. H ow ever, all coefficients w ere positive (with in-state being
the om itted variable), indicating that an out-of-state student w as more likely to enroll
once adm itted than an in-state student was. T he value o f the coefficients decreased with
distance, how ever, m eaning, for out-of-state students, the probability o f enrollm ent
decreased w ith distance. Reasons for the out-of-state coefficients being positive could
include the fact that the state schools are this in stitu tio n 's top com petitors, and that outof-state students that apply are dem onstrating a higher general level of interest because
the cost of gathering inform ation is greater for them . F urther research through an
adm itted student questionnaire could provide m ore inform ation in this area.
M any research studies have included a gender variable but have not discussed the
effects o f this variable. T his was a variable that the case institution was particularly
interested in since m ale enrollm ent has decreased to well under 4 0 % o f the freshm an
class. T he sign o f the coefficient on this variable was positive, although not significantly
difference from zero. T his and the cross-tabulation evidence show that adm itted m ale
candidates enroll at a slightly higher rate than fem ales. T herefore, the solution to the
problem seem s to lie in recruitm ent and not enrollm ent. Funds m ight be better spent on
initial recruiting efforts than on trying to effect enrollm ent rates, which w ould lead to
gender inequities in pricing.
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R eligious affiliation is not generally included in the variables o f m odels that
predict student enrollm ent. H ow ever, for this institution, m aintaining its C atholic heritage
and culture is an im portant goal. In recent years, the percent o f C atholic students
enrolling as freshm an has run about 55%. T his is, o f course, dow n from the near 100%
during the first years o f the sch o o l’s founding institutions. T he results o f this research
show ed a negative sign on the coefficient for C atholic affiliation com pared to Protestant,
although the coefficient was not significantly different from zero. The cross-tabulations
show ed that C atholic students are slightly m ore likely to enroll once adm itted. H ow ever,
neither o f these findings is strong enough to help m ake further recom m endations.
An exercise o f this type is useful to the institution not ju st for its results, but also
for discoveries d u ring the process of the w ork. T his research has show n som e gaps in
data collection that can be easily addressed. For instance, m any researchers (Savoca.
1990: H ossler. H u, & Schm idt, 1999) have found significant effects from father's and
m o th er's education level. T his data is collected by the institution on the adm issions
application, but is not recorded into the database. A lso, cam pus visit was shown to have a
significant effect on enrollm ent in previous studies, as well as in the the supplem ental
analysis done w ith the two years o f data available for this study. T he results o f the twoyear m odel show ed that this variable w ould increase the explanatory pow er of the model.
T he results o f this research can be im plem ented at the case institution in a num ber
o f ways. First, a process was developed for running the m odel on a w hole class of
adm itted students. C hapter 4 illustrated this by developing a m odel for data from 1998 to
2000, and then using the m odel coefficients to predict enrollm ent for each adm itted
student in 2001. T he results o f a change in financial aid policy could be quickly
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determ ined for each individual by changing the net price variable, recalculating the
predicted probabilities and enrollm ent rates, and com paring the results to the original
policy. T his procedure has the advantage that it treats each candidate individually in
determ ining the likelihood that the enrollm ent decision would change. A disadvantage to
this procedure is it m ay require m ore statistical expertise than is available.
A second approach is the developm ent o f decision-m aking guidelines that can be
quickly checked by adm issions officials. An exam ple o f such guidelines based on the
policy scenarios in C hapter 4 are presented in Table 24.
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Table 24
Sam ple F inancial A id D ecision-m aking Rules
S ocio-econ om ic/d em ograp h ic group

la. C aucasian. Protestant m ale, with
average ability, from within state,
with no financial need (initial net
price = 5 2 9 ,9 0 8 ), reg u lar admission,
no legacy
lb. Caucasian, Protestant m ale, with
average ability, from within state,
with no financial need (initial net
price = S 2 9 .9 0 8 ), early adm ission,
no legacy
2a. African A m erican, Protestant
fem ale, with ab ove average ability,
from within state, with high
financial need (initial net price =
5 1 2 ,0 0 0 ). regular adm ission, no
legacv

Initial
Probability o f
Enrollment
.15

Initial
Enrollment
D ecision
No

Amount o f financial aid
required to change
enrollment decision*
S ll.0 0 0

.26

No

5 5 .0 0 0

.28

No

5 1 .0 0 0

No
.18
2b. African A m erican. Protestant
fem ale, with above average ability,
from within state, with low financial
need (initial net price = S 2 0 .0 0 0 ).
regular adm ission, no legacv
No
.28
3a. H ispanic. C atholic m ale, with
above average ability, from w ithin
state away, with low financial need
(initial net price = 5 2 0 .0 0 0 ). regular
adm ission, no legacy
Y es
.32
3b. H ispanic. C atholic m ale, with
above average ability, from over
2000 miles aw ay, with low financial
need (initial net price = 5 2 0 .0 0 0 ).
regular adm ission, no legacy
Y es
.72
4a. Caucasian, C atholic fem ale, with
b elow average ability, from 10002000 miles aw ay, with low financial
need (initial net price = S 2 0 .0 0 0 ).
regular adm ission, with a legacv
Y es
.75
4b. Caucasian. C atholic fem ale, with
below average ability, from less than
1000 miles aw ay, with low financial
need (initial net price = 5 2 0 .0 0 0 ).
regular adm ission, with a legacy
* the amount o f institutional aid required ab o v e the amount o f federal need

5 5 .0 0 0

5 1 .0 0 0

0

0

0

An advantage o f the decision rules above is that they w ould be readily available to
adm issions officials throughout the adm issions process. The disadvantage is that the risks
o f over- or under-estim ating price sensitivity are very high as results are generalized
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(averaged) across even individuals with sim ilar characteristics. T herefore, the preferable
approach w ould be for an institution to aquire the expertise necessary to calculate the
effects o f policy changes using the entire m odel.
In either case, it is im portant to note that the m odel should be estim ated each year
to include the m ost recent year’s data. Tw o to four years o f historical data should be used
each year.
Im plications f o r O ther Institutions
As pointed out in C hapter 2, each institution of higher education can be
considered a quasi-m onopoly, because each institution offers a unique education and
experience, which is m ade up of a particular com bination o f history, religious affiliation,
course and m ajor offerings, and prestige w hich are not found anyw here else (Brenem an.
1994). T herefore, analysis such as that done in this study w ould arrive at different
findings for each institution. It is not advisable that the exact findings, such as variable
coefficients, be used w ith data from other institutions. For exam ple, the finding that
religious affiliation does not have an effect on enrollm ent at the case institution may not
be true at other C atholic universities. T his data can be used, how ever, as a signal to other
institutions that the general assum ptions they are w orking under m ay need to be verified
at their institution.
W hat is generalizable is the process that was developed. Each institution can
collect data on and use the variables that are im portant in its decision-m aking process to
estim ate a unique m odel. A nd the m odel can be tested with the unique policy alternatives
the adm inistrators are considering.
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Im plications f o r F urther Research
A t the Case Institution
The enrollm ent behavior o f entering freshm an is not easy to predict. For one
thing, the institution does not have som e im portant inform ation at the tim e adm issions
decisions are m ade. T his m odel was specifically designed to use only inform ation at hand
during the adm issions process. H ow ever, research that incorporates the additional
inform ation regarding w hat other schools were applied to, to w hich schools he was
adm itted, and the financial aid package offered by those schools w ould provide other
valuable insights. D evelopm ent of these after-the-fact m odels that include this
inform ation from adm itted student questionnaires w ould provide m ore explanatory
pow er, but it m ust be kept in m ind that they do not help directly in decision m aking at the
point the adm ission decisions are m ade.
Financial aid strategies not only affect first-tim e enrollm ent, they also affect
retention. M any researchers have show n the effect of the level o f aid on retention
(K reiger. 1980; V oorhees. 1985(b); St. John, 1990(c); Som er, 1992; St. John & Starkey.
1993; Som ers. 1996). Financial aid policies that optim ize first-tim e enrollm ent m ay not
optim ize year-to-year persistence. For instance, a m oderate aid package m ay be enough
to affect a stu d e n t's decision to enroll, but if the aid package is not high enough,
persistence m ight be difficult. The present m odel can be used as a starting point for
research on persistence. H ow ever, persistence research requires data from m ultiple
departm ents of the institution. In the past, this institution, like others, has not integrated
data across departm ents. The case institution is presently in the process o f creating a
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university-w ide database. The need for this type of research highlights the im portance of
such efforts for the entire university.
O ther Research
W hile there is a large body of research on the general topic o f higher education
enrollm ent, m ost existing research has been at the national level. M ore research needs to
be done at the institutional level. This study can be used to guide w ork on other
institutional m odels. The present study has added to the base for such research in a
n um ber o f ways. First, it used both logistic regression and probit m odels for estim ation of
the m odel. It show ed the viability of using both of these techniques and show ed the
sim ilarity o f results betw een them . Second, this study included a unique set of
explanatory variables, including religious affiliation and distance from hom e. T his shows
the ease at which institutions can look at the variables that are im portant for their goals,
policies, and practices. Third, the model was tested for predictive accuracy on the next
entering class, and developed a m ethodogy for doing this. Finally, the model was used to
provide the results o f policy sim ulations for cases of specific interest to the institution,
again provide the m ethodology for this step.
As already noted, the developm ent o f m odels such as this one can be very
expensive, and m any institutions do n 't have the funds or the expertise to do this type of
w ork. A general m odel w ould be w elcom ed by such institutions. Future research could
com pare institution-specific m odels for sim ilarities and differences to determ ine the
viability o f creating a generalized model that could be used, if not for all institutions, at
least for certain types o f institutions.
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1 9 9 8 -2001 C o rre la tio n M a trix, P a rt 1
Rating
Rating
US GPA
SATM
SAT V
SAT
Catholic
Protestant
Jewish
Other Religion
Gender
Legacy
African Amer.
Asian
Caucasian
Filipino
Hispanic
Native Amer.
Other Elh.
Within state
< 1000 miles
1000-2000 miles
Over 2000 miles
International
Adjusted Need
No need
Low need
High need
Net price I
Net price 2
1998
1999
2000
2001

1 000
.664
.267
.269
.532
.000
.003
-.016
.002
-.046
-.052
.006
.032
-.063
.021
.045
.020
-.005
-.044
.067
.031
-.029
-.043
.080
-.101
.057
.073
-.426
-.544
.026
-.103
- 022
.098

HS GPA
.664
1.000
124
.115
.259
.003
.014
-.013
-006
-.185
-.027
-.087
-.010
.024
.041
.005
-.035
.000
- 016
.120
024
-.118
-.091
.081
-.107
065
.075
-.309
-.403
-096
.061
.010
.024

SATM
.267
.124
1.000
.831
.473
-.042
.017
.017
.031
.098
-.007
-.072
.078
.036
-.001
-.087
.014
.007
.112
-.062
-.131
.047
.017
-.064
039
.024
-.058
- 061
-.114
-.046
-.020
.017
.048

SAT V
.269
.115
.831
1.000
491
-.005
.008
-.003
-001
.000
- 007
-.053
-.018
.062
.003
-.057
-.006
.015
.113
-.041
-.114
.042
-.075
-.049
022
.029
-.043
-.073
-.123
-.033
-006
.008
.031

SAT
.532
.259
.473
.491
1.000
-.047
.057
.001
-.010
.086
-.035
-.116
-.006
.173
-.018
-.162
-003
-.019
-054
015
.063
.039
-.094
-.106
.063
.039
-093
- 123
-.237
- 105
-.031
059
.076

Catholic
.000
.003
-.042
-.005
-.047
1.000
-.737
-.152
-.408
.003
.093
-.079
-.138
-066
.124
.206
-.018
-.047
.085
-.032
-037
-.028
-.069
042
-.055
.025
044
-.023
-.013
.005
.001
-014
.008

Protestant
.003
.014
.017
.008
.057
-.737
1.000
-.096
-.257
-.001
-.070
.052
.002
.160
-092
-.162
-.018
-.067
-.075
.049
.057
.002
-.021
-.039
.046
-.015
-.040
Oil
-.004
.012
-.010
.000
-.002

Jewish
-.016
-.013
.017
-.003
.001
-.152
-.096
1.00
-.053
.021
-.007
-.013
-.030
.030
-.024
-.019
-.009
.037
-.006
.010
-.022
.006
.039
-.035
.037
-.006
-.036
.036
.029
.029
-.014
.008
-.022

Other
Religion
.002
-.006
.031
-.001
-.010
-.408
-.257
-.053
1.00
-.012
-.039
.051
.217
-.138
-.047
-.075
.029
.151
-.021
-.026
-.016
.036
.118
.006
.003
-.014
.005
.004
.013
-.035
.017
.017
.000

Gender
-.046
-.185
.098
.000
.086
.003
-.001
.021
-.012
1.00
.026
.032
-.017
.023
-.019
-.023
.010
-.006
-.020
.013
-.007
.014
.025
.005
-.012
.009
.007
.002
.015
.033
.007
-.009
-.031

Legacy
-.052
-.27
-.007
-.007
-.035
.093
-.070
-.007
-.039
.026
1.00
-.036
-.038
.030
-.008
.008
-.003
.002
.088
-.024
-.053
-.044
-.022
.031
-.025
-.004
.030
-.019
.002
.021
.001
-.017
-.005
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1 9 9 8-2001 C o rre la tio n M a trix, P a rt 2
African
American
Rating
HS GPA
SATM
SAT V
SAT
Catholic
Protestant
Jewish
Other Religion
Gender
Legacy
African Amer.
Asian
Caucasian
Filipino
Hispanic
Native Amer.
Other Eth
Within stale
< 1000 miles
1000-2000 miles
Over 2000 miles
International
Adjusted Need
No Need
Low Need
High Need
Net Price 1
Net Price 2
1908
1999
2000
2001

.006
-.087
-.072
-.053
-.116
-.079
.052
-.013
.051
.032
- 036
1.000
-.041
-.226
-.025
-.056
-.019
-030
.026
-.024
-.005
.001
-.017
.071
-.049
-.019
.066
-.064
-.041
001
-O il
.003
.006

Asian

.032
-.010
.078
-.018
-.006
-.138
.002
-.030
.217
-.017
-.038
-.041
1.000
. 422
-.047
- 105
-.035
- 056
-.037
-.057
- 056
.114
.210
-.012
.025
-.026
-010
-.001
006
-.029
-.017
016
030

Caucasian

-.063
.024
.036
.062
.173
- 066
160
.030
-.138
.023
030
-.226
. 422
1.000
-.257
-.579
-0191
-.307
-.118
109
146
-.070
- 118
-.155
111
.035
-.142
.134
.059
.007
017
-.004
- 020

Filipino

.021
.041
-.001
.003
-.018
.124
-.092
-.024
-047
-019
-.008
-.025
-.047
-.257
1.000
-.064
-.021
-034
.036
-.045
- 032
.045
-014
.020
-.022
Oil
.017
-015
-.015
-009
-.007
.000
.016

Hispanic

045
.005
-.087
-.057
-.162
206
-.162
-.019
-.075
-.023
.008
-.056
-.105
-.579
-.064
1.000
-047
-.076
.160
-063
- 114
-.058
.012
.160
. 122
-.021
.145
-.136
-.057
-006
-015
.006
.015

Native
American
.020
-.035
014
-.006
-.003
- 018
.001
-.009
.029
010
-.003
-.019
-.035
-.191
-.021
-.047
1 000
-.025
-033
-.021
-019
121
-.013
.041
-.038
-.001
.042
-.037
-.031
012
.003
-015
.000

Other
Ethnicity
-.005
.000
.007
.015
-.019
-.047
-.067
.037
.151
-.006
.002
-.030
-.056
-.307
-.034
-.076
-025
1.000
.026
-.004
-.033
-.003
.014
.013
- 006
-.005
.010
.001
.013
.031
022
-014
-.037

Within
State
-.044
-.016
.112
.113
-.054
.085
-.075
-.006
-.021
-.020
.088
.026
-.037
-.118
.036
.160
-.033
.026
1.000
-.517
-.507
-.347
-.165
.067
-.061
.013
.058
-.058
.053
.017
.006
-.002
-.021

< 1000
miles
.067
.120
-.062
-.041
.015
-.032
.049
.010
-.026
.013
-.024
-.024
-.057
.109
-.045
-.063
-.021
-004
-.517
1.000
-.193
-.132
-.063
-.009
.001
.011
-.008
-.007
-.082
-.006
.003
.007
-.004

1000 to
2000
miles
.031
.024
-.131
-.114
.063
-.037
.057
-.022
-.016
-.007
-.053
-.005
-.056
.146
-.032
-.114
-.019
-.033
-.507
-.193
1.000
-.129
-.061
-.056
.047
-.005
-.047
.040
-.022
-.004
.007
-.005
.003

Over 2000
miles
-.029
-.118
.047
.042
.039
-.028
.002
.006
.036
.014
-.044
.001
.114
-.070
.045
-.058
.121
-.003
-.347
-.132
-.129
1.000
-.042
.010
-.004
-.009
.010
.014
.001
-.011
-.015
-.009
.035
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1 9 9 8 -2 0 0 1 C o rre la tio n M a trix, P a rt 3

Rating
US GPA
SATM
SAT V
SAT
Catholic
Protcstant
Jewish
Oilier Religion
Gender
Legacy
African Amer.
Asian
Caucasian
Filipino
Hispanic
Native Amer.
Oilier Eth
Within slate
< 1000 miles
1000-2000 miles
Over 2000 miles
International
Adiustcd Need
No Need
Low Need
High Need
Net Price 1
Net Price 2
1998
1999
2000
2001

Inter
national
-.043
-.091
.017
-075
-.094
-069
-.021
039
.118
.025
-.022
-017
.210
-.118
-.014
.012
-.013
.014
- 165
-.063
- 061
-.042
1.000
-.089
.101
-.043
-.082
.091
.085
-.014
-.015
.020
009

Adjusted
Need
.080
.081
-.064
-.049
-.106
042
-039
-.035
006
.005
031
.071
-.012
-.155
.020
.160
.041
.013
.067
-.009
-.056
.010
-.089
1 000
-.881
019
.942
-.694
-.528
.016
015
- 007
- 023

No Need
- 101
-.107
.039
.022
.063
-.055
.046
.037
.003
-.012
-.025
-.049
.025
ill
-.022
. 122
-.038
- 006
-061
.001
.047
-.004
.101
-.881
1 000
- 419
-.816
.575
.478
- 022
- 019
.007
.033

Low Need
.057
.065
.024
.029
.039
.025
-.015
-.006
-014
.009
-004
-019
-.026
.035
011
-021
-001
-.005
.013
O il
-.005
-.009
-.043
.019
-.419
1.000
-.182
.032
-008
.005
009
.005
-019

High
Need
.073
.075
-.058
-.043
-093
.044
-.040
-036
.005
.007
.030
.066
-.010
- 142
.017
145
.042
.010
.058
-.008
-.047
.010
-.082
.942
-.816
-.182
1.000
-.643
-.513
.020
014
- 010
- 024

Net Price
I
-.426
-.309
-.061
-.073
-.123
-.023
.011
.036
.004
.002
-.019
-064
-001
.134
-.015
-.136
-.037
.001
-.058
-.007
.040
.014
091
- 694
.575
032
-.643
1.000
.855
-.113
024
024
.065

Net Price
2
-.544
-.403
-.114
-.123
-.237
-013
-.004
.029
.013
.015
.002
-.041
.006
.059
-.015
-.057
-.031
.013
.053
-.082
-.022
.001
.085
-.528
.478
-.008
-.513
.855
1.000
-.139
023
.033
.082

1998
.026
-.096
-.046
-.033
-.105
.005
.012
.029
-.035
.033
.021
.001
-.029
.007
-.009
-.006
.012
.031
.017
-.066
-.004
- Oi l
-.014
.016
-.022
.005
.020
-.113
-.139
1.000
-.328
-.333
-.334

1999
-.103
.061
-.020
-.006
-031
.001
-010
-.014
.017
007
001
-O il
-.017
.017
-007
-.015
.003
.022
.006
.003
.007
-.015
-.015
.015
-.019
.009
.014
.024
.023
-.328
1.000
-.333
-.334

2000
-.022
.010
.017
.008
.059
-.014
.000
.008
.017
-.009
-.017
.003
.016
-.004
.000
.006
-.015
-.014
-.002
.007
-.005
-.009
.020
-.007
.007
.005
-.010
.024
.033
-.333
-.333
1.000
-.339

2001
.098
.024
.048
.031
.076
.008
-.002
-.022
.000
-.031
-.005
.006
.030
-.020
.016
.015
.000
-.037
-.021
-.004
.003
.035
.009
-.023
.033
-.019
-.024
.065
.082
-.334
-.334
-.339
1.000

